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(54) MAGNETIC STORAGE SYSTEM AND MAGNETIC SUBSTRATE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a RAM requiring lower power dissipation 
in writing and time in erasing and writing. 

SOLUTION: A plurality of bit wires BL1 disposed in parallel each other 
are disposed so that they are intersecting over a plurality of word 
wires WL1 disposed in parallel each other. MRAM cells MC2 are formed at 
each intersection point sandwiched between the word wires and the bit 
wires. Each MRAM cell MC3 is disposed so that easy axes indicated by 
arrows are inclined at 45-degree to the bit and word wires'. 
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CLAIMS 



[Claim (s)] 

[Claim 1] Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, It is arranged by the intersection 
of said two or more bit lines and said two or more word lines, 
respectively. It is the magnetic storage equipped with two or more 
memory cells containing at least one magnetic tunnel junction. Said two 
or more memory cells It is arranged, respectively between [ of said two 
or more bit lines ] 1 and 1 of said two or more word lines. Said at 
least one magnetic tunnel junction It has the software ferromagnetic 
layer which can change the direction of magnetization. Said at least one 
magnetic tunnel junction Magnetic storage arranged so that the easy axis 
which is the easy direction of magnetization of said software 
ferromagnetic layer may have the include angle of 40 - 50 degrees to the 
extension direction of said two or more bit lines and two or more of 
said word lines. 

[Claim 2] Said magnetic tunnel junction is magnetic storage according to 
claim 1 with which a plane view configuration is constituted by the 
rectangle so that the side parallel to said easy axis may become longer 



than the side which intersects perpendicularly with said easy axis. 
[Claim 3] Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, It is arranged by the intersection 
of said two or more bit lines and said two or more word lines, 
respectively. It is the magnetic storage equipped with two or more 
memory cells containing at least one magnetic tunnel junction. It 
connects with the 1st edge of two or more of said bit lines, 
respectively. The electric connection between said 1st edge and the 1st 
power source [ 2nd ] of power-source ****** Two or more 1st switchable 
change means, Magnetic storage which is connected to the 2nd edge of two 
or more of said bit lines, respectively, and is equipped with two or 
more 2nd switchable change means for the electric connection between 
said 2nd edge and said 1st power source [ 2nd ] of the power-source 
****** above. 

[Claim 4] As for said 1st change means, each 1st main electrode is 
connected to the 1st edge of two or more of said bit lines. Each 2nd 
main electrode has the 1st and 2nd MOS transistors of the same 
conductivity type connected to said the 1st power source and said 2nd 
power source. Said 2nd change means Magnetic storage according to claim 
3 which has 4 MOS transistors of the 3rd and ** of the same conductivity 
type by which each 1st main electrode was connected to the 2nd edge of 
two or more of said bit lines, and each 2nd main electrode was connected 
to said the 1st power source and said 2nd power source. 
[Claim 5] As for said 1st change means, each 1st main electrode is 
connected to the 1st edge of two or more of said bit lines. Each 2nd 
main electrode has the 1st and 2nd MOS transistors of differing of the 
conductivity type connected to said the 1st power source and said 2nd 
power source. Said 2nd change means Magnetic storage according to claim 
3 which each 1st main electrode is connected to the 2nd edge of two or 
more of said bit lines, and has the 3rd and 4th MOS transistors from 
which the conductivity type by which each 2nd main electrode was 
connected to said the 1st power source and said 2nd power source differs. 
[Claim 6] Said 1st and 2nd MOS transistors each Said 2nd MOS transistor 
connected between the main electrodes of the above 1st, and the 5th MOS 
transistor of the same conductivity type, The 3rd and 4th MOS 
transistors of an account each Said 4th MOS transistor connected between 
the main electrodes of the above 1st, and the 6th MOS transistor of the 
same conductivity type, It is the magnetic storage according to claim 5 
by which the control electrode of said 5th and 6th MOS transistors is 
connected to the 3rd power source which gives the predetermined 
electrical potential difference which will always be in an ON state by 



preparing for a pan. 

[Claim 7] Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, and it being arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and with two or more memory cells containing at 
least one magnetic tunnel junction, and two or more memory cell arrays 
come out of and constituted Two or more main word lines crossed to said 
two or more memory cell arrays, and two or more memory cell array 
selection lines arranged corresponding to each of two or more of said 
memory cell arrays, It has the memory cell array group of at least 1 the 
bottom. **** — said two or more word lines It connects with the output 
of the 1st combination logic gate established in the intersection of 
said two or more main word lines and two or more of said memory cell 
array selection lines, respectively, respectively. The input of said 1st 
combination logic gate is magnetic storage connected to 1 of said two or 
more main word lines in a crossover condition, and 1 of said two or more 
memory cell array selection lines. 

[Claim 8] Two or more global word lines which have two or more said 
memory cell array groups of at least 1, and are crossed to said two or 
more memory cell array groups, It has further two or more memory cell 
array group-selection lines arranged corresponding to each of two or 
more of said memory cell array groups. Said two or more main word lines 
It connects with the output of the 2nd combination logic gate 
established in the intersection of said two or more global word lines 
and two or more of said memory cell array group-selection lines, 
respectively, respectively. The input of said 2nd combination logic gate 
is magnetic storage according to claim 7 connected to 1 of said two or 
more global word lines in a crossover condition, and 1 of said two or 
more memory cell array group-selection lines. 

[Claim 9] Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, and it being arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and with two or more memory cells containing at 
least one magnetic tunnel junction, and two or more memory cell arrays 
come out of and constituted Had two or more Maine bit lines crossed to 
said two or more memory cell arrays, and two or more memory cell array 
selection lines arranged corresponding to each of two or more of said 
memory cell arrays. It has the memory cell array group of at least 1. 
Said two or more bit lines It connects with the output of the 1st 
combination logic gate established in the intersection of said two or 
more Maine bit lines and two or more of said memory cell array selection 



lines, respectively, respectively. The input of said 1st combination 
logic gate is magnetic storage connected to 1 of said two or more Maine 
bit lines in a crossover condition, and 1 of said two or more memory 
cell array selection lines. 

[Claim 10] Two or more global bit lines which have two or more said 
memory cell array groups of at least 1, and are crossed to said two or 
more memory cell array groups, It has further two or more memory cell 
array group-selection lines arranged corresponding to each of two or 
more of said memory cell array groups. Said two or more Maine bit lines 
It connects with the output of the 2nd combination logic gate 
established in the intersection of said two or more global bit lines and 
two or more of said memory cell array group-selection lines, 
respectively, respectively. The input of said 2nd combination logic gate 
is magnetic storage according to claim 9 connected to 1 of said two or 
more global bit lines in a crossover condition, and 1 of said two or 
more memory cell array group-selection lines. 

[Claim 11] Two or more bit line and two or more word lines which cross 
by non-contact and constitute a matrix, and it being arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and with two or more memory cells containing at 
least one magnetic tunnel junction, and the memory cell array come out 
of and constituted It is the magnetic storage which generates a field in 
the direction in alignment with the easy axis which is the direction for 
magnetization of said software ferromagnetic layer where have an 
inductor, said at least one magnetic tunnel junction has the software 
ferromagnetic layer which can change the direction of magnetization, and 
said inductor is easy. 

[Claim 12] It is the magnetic storage according to claim 11 which is the 
coiled form inductor arranged by arranging said at least one magnetic 
tunnel junction so that said easy axis may agree in the extension 
direction of said two or more bit lines or two or more of said word 
lines so that said inductors might surround said memory cell array along 
the extension direction of said two or more bit lines or said two or 
more word lines which agree with the direction of said easy axis. 
[Claim 13] Two or more bit line and two or more word lines which cross 
by non-contact and constitute a matrix, and it being arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and with two or more memory cells containing at 
least one magnetic tunnel junction, and at least one memory cell array 
come out of and constituted It is prepared in the outside of said two or 
more bit lines and said two or more word lines of said at least one 



memory cell array, respectively. Magnetic storage equipped with at least 
one wrap plate-like flash plate bit line and at least one flash plate 
word line for the formation field of said two or more bit lines and two 
or more of said word lines. 

[Claim 14] It is the magnetic storage according to claim 13 by which two 
or more arrangement is carried out, respectively by having two or more 
said at least one memory cell arrays, and arranging said two or more 
memory cell arrays in the shape of a matrix so that said at least one 
flash plate bit line and at least one flash plate word line may 
constitute a matrix in accordance with the array of two or more of said 
memory cell arrays. 

[Claim 15] Two or more bit line and two or more word lines which cross 
by non-contact and constitute a matrix, and it being arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and with two or more memory cells containing at 
least one magnetic tunnel junction, and the memory cell array come out 
of and constituted Even if there are few said two or more bit lines and 
two or more word lines, it is arranged in two edges of the method of one, 
respectively. Magnetic storage equipped with at least one inductor which 
saves the current of the selected bit line and a word line which flows 
to the method of one at least by LC resonance, and at least one 
capacitor. 

[Claim 16] It has two or more said at least one inductors and said at 
least one capacitors. Said two or more bit lines Two become a pair and 
two or more bit line pairs are constituted. Said two or more inductors 
Corresponding to said two or more each of a bit line pair, two or more 
1st inductors arranged so that it might connect electrically between bit 
lines are included. Said two or more capacitors Magnetic storage 
according to claim 15 which contains two or more 1st capacitors 
electrically connected corresponding to each of two or more of said bit 
lines in an edge opposite to the arrangement side of two or more of said 
inductors. 

[Claim 17] Two become a pair and said two or more word lines constitute 
two or more Ward line pairs. Said two or more inductors Corresponding to 
each of two or more of said Ward line pairs, two or more 2nd inductors 
arranged so that it might connect electrically between word lines are 
included further. Said two or more capacitors Magnetic storage according 
to claim 16 which contains further two or more 2nd capacitors 
electrically connected corresponding to each of two or more of said word 
lines in an edge opposite to the arrangement side of two or more of said 
inductors. 



[Claim 18] At least one semiconductor chip and the screen which consists 
of conductors and contains said at least one semiconductor chip, The 
package which consists of resin and contains said screen, and the base 
substrate which closes and seals opening of said package, With the bump 
for signal transmissions who is arranged in the outside principal plane 
of said base substrate, and performs the signal transmission of said at 
least one semiconductor chip and exterior It is arranged so that said 
bump for signal transmissions may be surrounded, and it has the bump for 
electric shielding electrically connected to said screen. Said at least 
one semiconductor chip Magnetic storage including the magnetic storage 
chip equipped with the memory cell array constituted by having two or 
more memory cells containing at least one magnetic tunnel junction. 
[Claim 19] Magnetic storage according to claim 18 further equipped with 
the 1st stress relaxation film arranged in the inside and the outside of 
the opening edge of said screen, and the 2nd stress relaxation film 
arranged by the wall of said screen. 

[Claim 20] Said account chip of the MAG and said circuit chip are 
magnetic storage according to claim 19 which piles up up and down and is 
contained by said electric shielding inside of the body, including 
further the circuit chip in which said at least one semiconductor chip 
includes the circumference circuit of said memory cell array. 
[Claim 21] Said at least one magnetic tunnel junction is magnetic 
storage according to claim 18 with which said screen consists of 
ferromagnetics which have said software ferromagnetic layer and EQC, and 
bigger permeability than it by having the software ferromagnetic layer 
which can change the direction of magnetization. 

[Claim 22] Said screen is magnetic storage according to claim 18 which 
consists of the ant i ferromagnetic substance. 

[Claim 23] Said screen is magnetic storage according to claim 18 which 
consists of multilayers of a ferromagnetic and the ant i ferromagnetic 
substance. 

[Claim 24] The magnetic-substance substrate which was arranged 
throughout the principal plane and which has at least the multilayers 
which form at least one magnetic tunnel junction. 

[Claim 25] Said multilayers are magnetic-substance substrates according 
to claim 24 which contain the diamagnetic-material layer, the 
ferromagnetic layer, the tunnel barrier layer that consists of 
insulators, and software ferromagnetic layer which were arranged in 
order as said at least one magnetic tunnel junction. 

[Claim 26] Said multilayers are magnetic-substance substrates according 
to claim 25 which are arranged by the lower part of said at least one 



magnetic tunnel junction, and contain further the two-layer film of the 
1st conductivity-type impurity layer and the 2nd conductivity-type 
impurity layer which constitute pn junction. 

[Claim 27] Said magnetic-substance substrate is a magnetic-substance 
substrate according to claim 24 which has said multilayers on a SOI 
substrate equipped with the substrate section used as a foundation, and 
the SOI layer which was arranged on this substrate section, and which 
embedded and was arranged on the oxide film and this embedding oxide 
film. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to magnetic 
storage with the non-volatile memory array which uses a magnetic tunnel 
junction as each memory cell about magnetic storage. 
[0002] 

[Description of the Prior Art] The structure which sandwiched the 
<tunnel magneto-resistive effect) insulator with two ferromagnetics is 
called a magnetic tunnel junction (Magnetic TunnelJunction:MTJ) . 
[0003] The conceptual diagram of MTJ is shown in drawing 67 . In drawing 
67 , it is arranged so that an insulating layer TB may be sandwiched by 
the ferromagnetic layers FM21 and FM22, and it has become the 
ferromagnetic layers FM21 and FM22 with the configuration that an 
electrical potential difference is impressed. 

[0004] In this structure, measurement of the current which tunnels an 
insulating layer TB observes the phenomenon in which a current value 
changes with sense of magnetization of two ferromagnetic layers. 
[0005] This phenomenon is called the tunnel magnetic-reluctance (Tunnel 
Magnetic Resistance :TMR) effectiveness. The TMR effectiveness is 
explained using drawing 68 - drawing 70 . 

[0006] Drawing 68 shows the mimetic diagram of the density of states N 
of transition metals (E). In drawing 68 , a density of states is shown 
on an axis of abscissa, Energy E is shown on an axis of ordinate, and 
the electron which an atom has is classified according to the sense of 
spin, and is shown. That is, the density of states of the atom with 
which the sense of spin has a downward electron on left-hand side toward 



drawing 68 is shown, and the density of states of the atom with which 
the sense of spin has a upward electron on right-hand side is shown. 
[0007] Moreover, in drawing 68 , in order to show typically the atom 
with which it fills up with the electron to Fermi level among 3d orbit 
and 4 s orbits, hatching shows the atom with which it fills up with the 
electron to Fermi level bordering on Fermi level. 

[0008] Transition metals become a ferromagnetic because the number of 
upward spin differs from the number of downward spin in the electron of 
3d orbit among the atoms with which it fills up with the electron to 
Fermi level. 

[0009] That is, since the electron of 4 s orbits has the number the same 
as the number of upward spin of downward spin, it is not contributed to 
magnetic generating. 

[0010] Drawing 69 and drawing 70 are drawings showing the TMR 
effectiveness typically. In drawing 69 , since there are more atomic 
density of stateses which have the electron of downward spin among 3d 
orbits of the atom which constitutes the ferromagnetic layer FM 21 on 
the left-hand side of an insulating layer TB than the atomic density of 
states which has the electron of upward spin, the sense of magnetization 
becomes downward as a whole. 

[0011] The sense of as a whole [ same ] magnetization of the 
ferromagnetic layer FM 22 on the right-hand side of an insulating layer 
TB becomes downward. 

[0012] Electronic tunneling happens so that the sense of the spin of 
****** and a final state may mainly be saved. Since both the downward 
spin state consistencies of ****** (inside of the ferromagnetic layer FM 
21) and a final state (inside of the ferromagnetic layer FM 22) are 
large in the case of drawing 69 , a tunnel probability becomes large and 
tunnel current also becomes large. That is, tunnel magnetic reluctance 
becomes small. 

[0013] On the other hand, although the atomic density of states which 
has the electron of the upward spin of ****** (inside of the 
ferromagnetic layer FM 21) is large in drawing 70 , since the atomic 
density of states which has the electron of the upward spin of a final 
state (inside of the ferromagnetic layer FM 22) is small, a tunnel 
probability becomes small and tunnel current also becomes small. That is, 
tunnel magnetic reluctance becomes large. 

[0014] When resistance in the case of having turned to RF and an 
opposite direction for resistance when the sense of magnetization of two 
ferromagnetic layers is mutually the same here is set to RAF, tunnel 
magnetic-reluctance rate of change (Tunnel Magnetic Resistance 



Rate:TMRR) is expressed with a degree type. 
[0015] 

[Equation 1] 

|B~ I 



[0016] In addition, in the above-mentioned formula (1), PI and P2 are 
the rates of spin polarization of the ferromagnetic layers FM21 and FM22, 
respectively. 

[0017] And when the density of states in the Fermi surface of sigma spin 
band is set to Dsigma (EF), the rate of spin polarization is expressed 
with a formula below. 

[0018] 

[Equation 2] 

[if I 



[0019] That is, the rate of spin polarization becomes so large that the 
density-of-states difference of the upward spin in a Fermi surface and 
downward spin is large. Moreover, TMRR becomes large, so that the rate 
of spin polarization approaches 1. Moreover, it is known that spin 
polarization is proportional to magnetization. Here, the rate of spin 
polarization of the various magnetic substance is collectively shown in 
Table 1. 
[0020] 

[Table 1] 

a - 



[0021] The equipment which the magnetization direction of two 
ferromagnetic layers is made to correspond to 0 or 1, and memorizes data 
using the TMR effectiveness explained above is MRAM (Magnetic Random 
AccessMemory) . 

[0022] Therefore, with the structure of drawing 67 , although only one 



side of two ferromagnetic layers of MTJ wants to change the 
magnetization direction, if a field is applied, the direction of 
magnetization of both ferromagnetic layers may change. Then, as shown in 
drawing 71 , the structure where the ant i ferromagnetic substance layer 
was formed on one ferromagnetic layer is proposed in order to fix the 
magnetization direction of one ferromagnetic layer. 
[0023] In drawing 71 , an insulating layer TB is inserted in the 
ferromagnetic layers FM21 and FM22, and the ant i ferromagnetic substance 
layer AF is arranged in the upper part of the ferromagnetic layer FM 21. 
In addition, the positive electrode of DC power supply is connected to 
the ant i ferromagnetic substance layer AF, and the negative electrode is 
connected to the ferromagnetic layer FM 22. 

[0024] When a ferromagnetic and the ant i ferromagnetic substance are 
formed adjacently, and the magnetic flux which pierces through both 
closes, the direction of magnetization is fixed. This structure is 
called a spin bulb mold ferromagnetism tunnel junction component. 

[0025] Moreover, the configuration of the modification of a spin bulb 
mold ferromagnetism tunnel junction component is shown in drawing 72 . 
In drawing 72 , an insulating layer TB is inserted in the ferromagnetic 
layers FM21 and FM22, the ant i ferromagnetic substance layer AF is 
arranged in the upper part of the ferromagnetic layer FM 21, and the 
ferromagnetic layer FM 23 is arranged in the lower part of the 
ferromagnetic layer FM 22. 

[0026] Here, although the ant i ferromagnetic substance layer AF consists 
of IrMn(s) 20-30atom. % Containing Ir (iridium) and the direction of 
magnetization of the ferromagnetic layer FM 21 is fixed, since it is 
better to be hard to reverse the direction of magnetization to an 
external magnetic field, CoFe with big coercive force as a ferromagnetic 
layer FM 21 is used. 

[0027] Moreover, as explained using the formula (1), since, as for 
tunnel magnetic-reluctance rate of change (TMRR), the one where the rate 
of spin polarization is larger becomes large, CoFe is used as an 
ingredient with the large rate of spin polarization. 
[0028] On the other hand, although the same CoFe as the ferromagnetic 
layer FM 22 is used, the ferromagnetic layer FM 22 is more desirable 
[ the ingredient with small coercive force ] so that the direction of 
magnetization can be controlled by as small the external magnetic field 
as possible. 

[0029] In the configuration of drawing 72 , it is the purpose which make 
easy to reverse the sense of magnetization of the ferromagnetic layer FM 
22, and nickel80Fe20 (permalloy) with coercive force and the rate of 



spin polarization small as a ferromagnetic layer FM 23 is used. Thereby, 
the ferromagnetic layer FM 22 can reverse the sense of magnetization by 
the small external magnetic field. 

[0030] Drawing 73 shows the practical structure of the spin bulb mold 
ferromagnetism tunnel junction component shown in drawing 72 , and 
drawing 74 shows the observation property of TMR in the structure 
concerned. 

[0031] In drawing 73 , an insulating layer TB is arranged in the layered 
product upper part of the ant i ferromagnetic substance layer AF 
superficially arranged on Substrate BD, and the ferromagnetic layer FM 
21, and the ferromagnetic layer FM 23 is arranged in the upper part of 
an insulating layer TB. In such a configuration, the result of having 
impressed the external magnetic field and having measured change of 
magnetic reluctance MR is drawing 74 . 

[0032] In drawing 74 , a field (one oersted = it converts by about 79 
A/m) is shown on an axis of abscissa, and the tunnel reluctivity (TMRR) 
is shown on the axis of ordinate. Drawing 74 shows that TMRR has 
realized 36% of value, that a field required for reversal of the 
direction of magnetization is as low as about 30 (x79 A/m) extent, and 
that the symmetrical hysteresis is acquired to the direction of a field. 
[0033] the direction of magnetization of two ferromagnetics of the 
magnetic tunnel junction component which constitutes a memory cell from 
Structure and the principle of operation) MRAM of MRAM — the same — 
or it becomes in the opposite direction — as — an external magnetic 
field — controlling — the direction of magnetization — the same — or 
the condition of an opposite direction is made to correspond to 0 or 1, 
and data are memorized. 

[0034] The memorized data can be read by passing a predetermined current 
to a memory cell and sensing the both-ends electrical potential 
difference of tunnel magnetic reluctance. And since it is easy to sense 
so that the rate (TMRR) of a tunnel magnetic-reluctance value change is 
large, a ferromagnetic material with the big rate of spin polarization 
is advantageous for MRAM. 

[0035] Moreover, the writing of data should just change the direction of 
magnetization of one ferromagnetic into wiring (a word line and bit 
line) using the field which passed the predetermined current and was 
generated. 

[0036] Structure and actuation are explained as a conventional example 
of MRAM below <the structure of a MRAM cel> about MRAM currently 
exhibited with United States patent USP5, 793, 697. 

[0037] Drawing 75 is the perspective view showing a MRAM eel array and a 



cel. In drawing 75 , bit lines 4, 5, and 6 are mutually arranged in 
parallel so that it may cross in the upper part of the word lines 1, 2, 
and 3 arranged in parallel mutually. 

[0038] And the MRAM eel (only calling a eel henceforth) 9 is formed in 
each intersection across which it faces with a word line and a bit line. 
As drawing 75 is shown as an enlarged drawing, the MRAM eel 9 is the 
structure where the laminating of the silicon pn junction diode 7 and 
the magnetic tunnel junction component (MTJ) 8 was carried out on the 
word line. 

[0039] Drawing 76 is the mimetic diagram showing the cross-section 
structure of the MRAM eel 9. In addition, in drawing 76 , the MRAM eel 9 
on a word line 3 is illustrated, a word line 3 is arranged on a silicon 
substrate 80, on it, the laminating of n+ silicon layer 10 and the p+ 
silicon layer 11 is carried out, and the pn junction diode 7 is formed. 
The pn junction diode 7 is covered with the insulator layer of silicon 
oxide 13 grade. 

[0040] And the tungsten stud 12 is arranged in the upper part of the pn 
junction diode 7, and the pn junction diode 7 is electrically connected 
to MTJ8 through the tungsten stud 12. In addition, silicon oxide 13 is 
arranged so that the tungsten stud 12 may also be covered, and 
flattening of the front face of the tungsten stud 12 and silicon oxide 
13 is carried out by CMP (Chemical Mechanical Polishing). 
[0041] The template layer 15 (lOnm of thickness) which MTJ8 is a 
laminated structure and consists of platinum (Pt) sequentially from the 
bottom, The initial ferromagnetic layer 16 (4nm of thickness) which 
consists of permalloys of nickel81Fel9, It consists of permalloys of the 
diamagnetic-material layer 18 (lOnm of thickness) which consists of 
Mn54Fe(s)46, CoFe, or nickel81Fel9. It has the ferromagnetic layer 20 
(8nm of thickness) to which the magnetization direction was fixed, the 
tunnel barrier layer 22 which consists of aluminum 203, the software 
ferromagnetic layer 24 which consists of multilayers of CoFe of 2nm of 
thickness, and nickel81Fel9 of 20nm of thickness, and the contact layer 
25 which consists of Pt(s). 

[0042] In addition, after depositing aluminum of l-2nm of thickness, the 
tunnel barrier layer 22 is processed for 60 - 240 seconds with the power 
density of 25 W/cm2 under the oxygen pressure force of 100mTorr(s) by 
the plasma oxidation method, and is formed. 

[0043] moreover, small MTJ8 which forms one big MTJ all over the silicon 
oxide 13 on a substrate 80 in fact, carries out patterning of this by 
argon ion milling using a photoresist mask, and is shown in drawing 76 
although not shown in drawing 76 — plurality — forming . Each MTJ8 is 



covered with silicon oxide 26. Moreover, although not shown in drawing 
76 , the contact layer 25 is connected to a bit line. 
[0044] The magnetic tunnel resistance of MTJ8 differs by the case where 
the direction of magnetization of the software ferromagnetic layer 24 is 
the same as the direction of magnetization of the ferromagnetic layer 20, 
and the case where the opposite direction is turned to, as explained 
previously. The direction of magnetization of the software ferromagnetic 
layer 24 can change a bit line and a word line by the field generated by 
the flowing current. 

[0045] Moreover, the magnetic tunnel resistance of MTJ8 is greatly 
dependent also on the thickness of the tunnel barrier layer 22 and its 
barrier height, and the quality-of-the-material property of film, such 
as roughness of the interface under junction. 

[0046] The software ferromagnetic layer 24 is formed so that it may have 
the easy direction of the magnetization called an easy axis (easy axis). 
The direction of the magnetization in alignment with this easy axis can 
turn into a 2-way, and can be made to correspond to two data, 0 and 1, 
of a memory cell, respectively. 

[0047] On the other hand, the ferromagnetic layer 20 is formed so that 
the direction of magnetization may be the same as the easy axis of the 
software ferromagnetic layer 24, and may not be based on the operating 
state of MRAM and a direction may not be changed. 
[0048] It is called the direction of fixed magnetization of the 
direction of this magnetization (expedient translation of unidirectional 
anisotropy direction). The easy axis of the software ferromagnetic layer 
24 is defined combining the intrinsic anisotropy (intrinsic anisotropy) 
of MTJ8, a stress induction anisotropy (stress induced anisotropy), and 
the anisotropy resulting from a configuration. 
[0049] Here, an intrinsic anisotropy means the anisotropy of the 
magnetization of physical-properties original which a ferromagnetic has, 
and a stress induction anisotropy means the anisotropy of the 
magnetization produced when stress is applied to a ferromagnetic. 
[0050] Moreover, as shown in drawing 75 , as for MTJ8, the plane view 
configuration is carrying out the shape of a rectangle of long side die- 
length L and shorter side die-length W. This is because the easy axis of 
the software ferromagnetic layer 24 is defined using the anisotropy 
resulting from the configuration of MTJ8. 
[0051] Next, the setting approach of the direction of fixed 
magnetization of the ferromagnetic layer 20 is explained. The initial 
ferromagnetic layer 16 by which deposition formation is carried out on 
the template layer 15 turns up the field ({111} sides) where crystal 



orientation turns into {111} bearings, and grows. Moreover, the 
diamagnetic-material layer 18 which consists of MnFe (s) is deposited on 
the initial ferromagnetic layer 16. 

[0052] These magnetic layers are deposited under the field which was 
suitable in the same direction as the direction of the easy axis of the 
software ferromagnetic layer 24 deposited behind, and, thereby, the 
direction of fixed magnetization of the software ferromagnetic layer 24 
is defined. 

[0053] Moreover, in order that magnetic flux may close between the 
ferromagnetic layer 20 and the diamagnetic-material layer 18, in the 
range of the magnitude of the field generated according to the current 
which the direction of magnetization of the ferromagnetic layer 20 stops 
easily being able to change a direction rather than that of the software 
ferromagnetic layer 24 due to an external magnetic field, and flows a 
word line and a bit line, the direction of magnetization of the 
ferromagnetic layer 20 is fixed. Furthermore, since the plane view 
configuration of MTJ8 is made into the rectangle, the magnetization 
anisotropy resulting from the configuration of the ferromagnetic layer 
20 occurs, and this is also contributing to the stability of the 
ferromagnetic layer 20 of the direction of magnetization. 
[0054] The writing and read-out actuation of MRAM are explained below 
<the outline of the writing / read-out actuation of MRAMX If a 
predetermined current is passed to the word line and bit line (the 
selection word line and the subdevice-bit line, and name) for performing 
address selection, a field will occur around each line and the joint 
field which each field combined will occur in the intersection 
(selection address) of a both line. If this field is impressed, the 
direction of magnetization of the software ferromagnetic layer 24 of 
MTJ8 currently installed in the intersection of a both line will rotate 
in the field of a layer, and the writing of data will be performed. 
[0055] The magnitude of this field is designed so that it may become 
larger than the switching field (field which the direction of 
magnetization begins to reverse) of the software ferromagnetic layer 24, 
and it is mainly decided by the coercive force and the magnetization 
anisotropy of the software ferromagnetic layer 24. 

[0056] Moreover, the field generated around a selection word line and a 
subdevice-bit line must be designed sufficiently small so that the 
direction of fixed magnetization of the ferromagnetic layer 20 may not 
be rotated. Because, it is for not changing the direction of 
magnetization of a half-selection (Half select) cel. In addition, a 
half-selection eel is a eel to which the current is flowing to either 



the word line located up and down or a bit line. 

[0057] Thus, in order to reduce the power consumption at the time of 
writing, the architecture of a memory cell array is designed so that a 
write-in current may not flow directly to MTJ8. 

[0058] Moreover, the data written in the MRAM eel 9 are read by sensing 
the current which flows the pn junction diode 7 and MTJ8 perpendicularly. 
In addition, since tunnel current flows the inside of the MRAM eel 9 
perpendicularly at the time of actuation, occupancy area of the MRAM eel 
9 can be made small. 

[0059] Resistance of the tunnel barrier layer 22 which consists of 
aluminum 203 of MTJ8 changes almost exponentially to thickness. That is, 
the current which flows the tunnel barrier will be reduced if thickness 
becomes thick, and only the current which tunnels junction flows 
perpendicularly to junction. 

[0060] And the data of the MRAM eel 9 are read by carrying out the 
monitor of the electrical potential difference of the MRAM eel 9 
generated when a sense current far smaller than a write-in current flows 
MTJ8 perpendicularly. 

[0061] As explained previously, the tunnel probability of MTJ8 increases, 
so that many density of stateses of the same polar spin as the polarity 
of the spin in the software ferromagnetic layer 24 in ****** exist in 
the ferromagnetic layer 20 in a final state. 

[0062] Therefore, in both layers, when the same, it is low, and the 
direction of [ when the magnetic tunnel resistance of MTJ8 has the the 
same condition of the spin of the software ferromagnetic layer 24 and 
the ferromagnetic layer 20 (i. e. , magnetization) ] becomes high, when 
the direction of magnetization is opposite. So, if the monitor of the 
resistance of MTJ8 is carried out with a minute current, the data of the 
MRAM eel 9 can be read. 

[0063] In addition, the field which a sense current generates can be 
disregarded and does not affect the condition of magnetization of the 
MRAM eel 9. Moreover, since wiring required for read-out/writing of the 
MRAM eel 9 is only the array of the bit line shown in drawing 75 , and a 
word line, it can constitute an efficient memory cell array. 
[0064] Write-in actuation of MRAM is further explained using drawing 77 
and drawing 78 below <write~in actuation). 

[0065] Drawing 77 is the representative circuit schematic of the memory 
cell array shown in drawing 75 , the both ends of word lines 1-3 are 
connected word line control circuit 53, respectively, and the both ends 
of bit lines 4-6 are connected to the bit line control circuit 51, 
respectively. In addition, since facilities are given to explanation of 



drawing 78 , word lines WL1-WL3 and bit lines 4-6 may be shown for word 
lines 1-3 as bit lines BL4-BL6. 

[0066] And the pn junction diode 7 expressed with MTJ8 expressed with a 
resistance notation and a diode notation is arranged in the intersection 
of word lines 1-3 and bit lines 4-6. 

[0067] Here, an assumption of the case where a word line 1 and a bit 
line 4 are chosen chooses MRAM eel 9a located in both intersection. 
[0068] Selected MRAM eel eel 9a is written in by the joint field 
generated according to the current IB which flows a bit line 4, and the 
current IW which flows a word line 1. 

[0069] The field independently generated in a eel field has one smaller 
than a field required to change the direction of magnetization of 
software ferromagnetic layer 24 eel of MTJ8 of the currents IB and IW. 
[0070] So, writing does not have a line crack in the MRAM eels 9b-9e 
(eel to which either Current IB or IW flows to a word line and a bit 
line) which are half-selection eels. 

[0071] However, if the field by Currents IB and IW is combined, it will 
become sufficient magnitude to change the direction of magnetization of 
the software ferromagnetic layer 24 of selected memory cell 9a. 
[0072] In addition, at least one side of Currents IB and IW is designed 
so that it may flow bidirectionally, so that the magnetization direction 
of the software ferromagnetic layer 24 of eel 9a may be made in the two 
opposite different magnetization directions. In addition, in drawing 77 , 
since the bit line control circuit 51 and the word line control circuit 
53 consist of 2 pairs, both currents IB and IW can change the sense of a 
current. 

[0073] Drawing 78 shows the electrical potential difference of bit lines 
4-6 (bit lines BL4-BL6) and word lines 1-3 (word lines WL1-WL3), and the 
timing chart of a current. 

[0074] As shown in drawing 78 , the electrical potential difference of 
the bit lines BL4HBL6 at the time of writing is set as the convenient 
electrical potential difference Vb, although a current is passed 
bidirectionally. Moreover, the electrical potential difference of word 
lines WL1-WL3 is set as the forward electrical potential difference Vw 
more greatly than an electrical potential difference Vb. 
[0075] At the time of standby, these electrical potential differences 
are set up so that a reverse bias may start the pn junction diode 7 of 
all the eels 9. Therefore, Currents IB and IW do not flow the inside of 
a memory cell at the time of standby. 

[0076] <Read-out actuation), next read-out actuation of MRAM are further 
explained using drawing 77 and drawing 78 . As shown in drawing 78 , the 



electrical potential difference of a word line WL1 is lowered to Vb from 
Vw, the electrical potential difference of a bit line BL4 is raised from 
Vb to Vw, and forward bias is impressed to the pn junction diode 7 of 
selected eel 9a. 

[0077] During read-out, the non-subdevice-bit lines 5 and 6 are still 
the standby electrical potential differences Vb, and the non-choosing 
word line 2 and WL 3 is still the standby electrical potential 
difference Vw. 

[0078] In addition, it is that which does not have a voltage drop from a 
word line to a bit line in the half-selection eels 9b~9e (that is, 0V 
are impressed to the pn junction diode 7), and a current does not flow 
the inside of a cel. 

[0079] The magnitude of the sense current 30 (refer to drawing 77 ) 
which flows from a bit line BL4 to a word line WL1 through eel 9a by the 
magnetic tunnel resistance of selection eel 9a is determined. In the 
sense circuit which constitutes a part of bit line control circuit 51, 
the average of two current values predicted corresponding to two 
conditions of a eel is made into a reference current, and it compares 
with a sense current. And the difference of both currents is amplified 
and the data currently stored in selection eel 9a are read. 
[0080] In addition, as shown in the wave of the sense current 30 of 
drawing 77 , the sense current 30 presents two kinds of current wave 
forms equivalent to two magnetization conditions of MTJ8. 
[0081] After data read-out, although the electrical potential difference 
of a bit line BL4 and a word line WL1 is returned to each standby value, 
as for the magnetization condition of memory cell 9a, after read-out 
actuation is maintained. 
[0082] 

[Problem (s) to be Solved by the Invention] As explained above, at the 
time of the writing to a MRAM eel, a current is passed to a bit line and 
a word line, and a field is generated. And since it was necessary to 
give a bigger field than the switching field of the software 
ferromagnetic layer which constitutes a eel to the memory cell of the 
selection address, the comparatively big current needed to be passed. 
Therefore, there was a trouble that the power consumption at the time of 
writing became large. 

[0083] It was made in order that this invention might cancel the above 
troubles, and it sets it as the 1st purpose to offer MRAM which reduced 
the power consumption at the time of writing. 

[0084] Moreover, in the conventional MRAM eel array, it bundled up in 
the memory-block unit which consists of at least one memory cell array, 



and there was elimination or a trouble that writing in took time amount, 
about data. 

[0085] This invention sets it as the 2nd purpose to offer MRAM which 

reduced the time amount spent on elimination and writing. 

[0086] 

[Means for Solving the Problem] The magnetic storage according to claim 
1 concerning this invention Two or more bit line and two or more word 
lines which cross by non-contact and constitute a matrix, It is arranged 
by the intersection of said two or more bit lines and said two or more 
word lines, respectively. It is the magnetic storage equipped with two 
or more memory cells containing at least one magnetic tunnel junction. 
Said two or more memory cells It is arranged, respectively between [ of 
said two or more bit lines ] 1 and 1 of said two or more word lines. 
Said at least one magnetic tunnel junction It has the software 
ferromagnetic layer which can change the direction of magnetization. 
Said at least one magnetic tunnel junction The easy axis which is the 
easy direction of magnetization of said software ferromagnetic layer is 
arranged so that it may have the include angle of 40 - 50 degrees to the 
extension direction of said two or more bit lines and two or more of 
said word lines. 

[0087] The plane view configuration is constituted by the rectangle so 
that the magnetic storage according to claim 2 concerning this invention 
may become longer than the side where said easy axis and the side where 
said magnetic tunnel junction is parallel to said easy axis cross at 
right angles. 

[0088] The magnetic storage according to claim 3 concerning this 
invention Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, It is arranged by the intersection 
of said two or more bit lines and said two or more word lines, 
respectively. It is the magnetic storage equipped with two or more 
memory cells containing at least one magnetic tunnel junction. It 
connects with the 1st edge of two or more of said bit lines, 
respectively. The electric connection between said 1st edge and the 1st 
power source [ 2nd ] of power-source ****** Two or more 1st switchable 
change means, It connected with the 2nd edge of two or more of said bit 
lines, respectively, and has two or more 2nd switchable change means for 
the electric connection between said 2nd edge and said 1st power source 
[ 2nd ] of the power-source ****** above. 

[0089] The magnetic storage according to claim 4 concerning this 
invention Each 1st main electrode is connected to the 1st edge of two or 
more of said bit lines for said 1st change means. Each 2nd main 



electrode has the 1st and 2nd MOS transistors of the same conductivity 
type connected to said the 1st power source and said 2nd power source. 
Said 2nd change means Each 1st main electrode is connected to the 2nd 
edge of two or more of said bit lines, and each 2nd main electrode has 4 
MOS transistors of the 3rd and ** of the same conductivity type 
connected to said the 1st power source and said 2nd power source. 
[0090] The magnetic storage according to claim 5 concerning this 
invention Each 1st main electrode is connected to the 1st edge of two or 
more of said bit lines for said 1st change means. Each 2nd main 
electrode has the 1st and 2nd MOS transistors of differing of the 
conductivity type connected to said the 1st power source and said 2nd 
power source. Said 2nd change means Each 1st main electrode is connected 
to the 2nd edge of two or more of said bit lines, and each 2nd main 
electrode has the 3rd and 4th MOS transistors from which the 
conductivity type connected to said the 1st power source and said 2nd 
power source differs. 

[0091] The magnetic storage according to claim 6 concerning this 
invention Said 1st and 2nd MOS transistors each Said 2nd MOS transistor 
connected between the main electrodes of the above 1st, and the 5th MOS 
transistor of the same conductivity type, Said 3rd and 4th MOS 
transistors each Said 4th MOS transistor connected between the main 
electrodes of the above 1st, and the 6th MOS transistor of the same 
conductivity type, It prepares for a pan and the control electrode of 
said 5th and 6th MOS transistors is connected to the 3rd power source 
which gives the predetermined electrical potential difference which will 
always be in an ON state. 

[0092] The magnetic storage according to claim 7 concerning this 
invention Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, and it being arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and with two or more memory cells containing at 
least one magnetic tunnel junction, and two or more memory cell arrays 
come out of and constituted Had two or more main word lines crossed to 
said two or more memory cell arrays, and two or more memory cell array 
selection lines arranged corresponding to each of two or more of said 
memory cell arrays. It has the memory cell array group of at least 1. 
Said two or more word lines It connects with the output of the 1st 
combination logic gate established in the intersection of said two or 
more main word lines and two or more of said memory cell array selection 
lines, respectively, respectively. The input of said 1st combination 
logic gate is connected to 1 of said two or more main word lines in a 



crossover condition, and 1 of said two or more memory cell array 
selection lines. 

[0093] The magnetic storage according to claim 8 concerning this 
invention Two or more global word lines which have two or more said 
memory cell array groups of at least 1, and are crossed to said two or 
more memory cell array groups, It has further two or more memory cell 
array group-selection lines arranged corresponding to each of two or 
more of said memory cell array groups. Said two or more main word lines 
It connects with the output of the 2nd combination logic gate 
established in the intersection of said two or more global word lines 
and two or more of said memory cell array group-selection lines, 
respectively, respectively. The input of said 2nd combination logic gate 
is connected to 1 of said two or more global word lines in a crossover 
condition, and 1 of said two or more memory cell array group-selection 
lines. 

[0094] The magnetic storage according to claim 9 concerning this 
invention Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, Two or more memory cell arrays 
which consist of two or more memory cells which are arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and contain at least one magnetic tunnel junction, 
Had two or more Maine bit lines crossed to said two or more memory cell 
arrays, and two or more memory cell array selection lines arranged 
corresponding to each of two or more of said memory cell arrays. It has 
the memory cell array group of at least 1. Said two or more bit lines It 
connects with the output of the 1st combination logic gate established 
in the intersection of said two or more Maine bit lines and two or more 
of said memory cell array selection lines, respectively, respectively. 
The input of said 1st combination logic gate is connected to 1 of said 
two or more Maine bit lines in a crossover condition, and 1 of said two 
or more memory cell array selection lines. 

[0095] The magnetic storage according to claim 10 concerning this 
invention Two or more global bit lines which have two or more said 
memory cell array groups of at least 1, and are crossed to said two or 
more memory cell array groups, It has further two or more memory cell 
array group-selection lines arranged corresponding to each of two or 
more of said memory cell array groups. Said two or more Maine bit lines 
It connects with the output of the 2nd combination logic gate 
established in the intersection of said two or more global bit lines and 
two or more of said memory cell array group-selection lines, 
respectively, respectively. The input of said 2nd combination logic gate 



is connected to 1 of said two or more global bit lines in a crossover 
condition, and 1 of said two or more memory cell array group-selection 
lines. 

[0096] The magnetic storage according to claim 11 concerning this 
invention Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, And the memory cell array which 
consists of two or more memory cells which are arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and contain at least one magnetic tunnel junction, 
It has an inductor, said at least one magnetic tunnel junction has the 
software ferromagnetic layer which can change the direction of 
magnetization, and said inductor generates a field in the direction in 
alignment with the easy axis which is the easy direction of 
magnetization of said software ferromagnetic layer. 

[0097] Said at least one magnetic tunnel junction is arranged so that, 
as for the magnetic storage according to claim 12 concerning this 
invention, said easy axis may agree in the extension direction of said 
two or more bit lines or two or more of said word lines, and it is the 
coiled form inductor arranged so that said inductors might surround said 
memory cell array along the extension direction of said two or more bit 
lines or said two or more word lines which agree with the direction of 
said easy axis. 

[0098] The magnetic storage according to claim 13 concerning this 
invention Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, And at least one memory cell array 
which consists of two or more memory cells which are arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and contain at least one magnetic tunnel junction, 
It is prepared in the outside of said two or more bit lines and said two 
or more word lines of said at least one memory cell array, respectively. 
It has at least one wrap plate-like flash plate bit line and at least 
one flash plate word line for the formation field of said two or more 
bit lines and two or more of said word lines. 

[0099] The magnetic storage according to claim 14 concerning this 
invention has two or more said at least one memory cell arrays, said two 
or more memory cell arrays are arranged in the shape of a matrix, and in 
accordance with the array of two or more of said memory cell arrays, two 
or more arrangement of said at least one flash plate bit line and at 
least one flash plate word line is carried out, respectively so that a 
matrix may be constituted. 

[0100] The magnetic storage according to claim 15 concerning this 



invention Two or more bit line and two or more word lines which cross by 
non-contact and constitute a matrix, And the memory cell array which 
consists of two or more memory cells which are arranged by the 
intersection of said two or more bit lines and said two or more word 
lines, respectively, and contain at least one magnetic tunnel junction, 
Even if there are few said two or more bit lines and two or more word 
lines, it is arranged in two edges of the method of one, respectively. 
It has at least one inductor which saves the current of the selected bit 
line and a word line which flows to the method of one at least by LC 
resonance, and at least one capacitor. 

[0101] The magnetic storage according to claim 16 concerning this 
invention It has two or more said at least one inductors and said at 
least one capacitors. Said two or more bit lines Two become a pair and 
two or more bit line pairs are constituted. Said two or more inductors 
Corresponding to said two or more each of a bit line pair, two or more 
1st inductors arranged so that it might connect electrically between bit 
lines are included. Said two or more capacitors In the edge opposite to 
the arrangement side of two or more of said inductors, two or more 1st 
capacitors electrically connected corresponding to each of two or more 
of said bit lines are included. 

[0102] The magnetic storage according to claim 17 concerning this 
invention Two become a pair and said two or more word lines constitute 
two or more Ward line pairs. Said two or more inductors Corresponding to 
each of two or more of said Ward line pairs, two or more 2nd inductors 
arranged so that it might connect electrically between word lines are 
included further. Said two or more capacitors In the edge opposite to 
the arrangement side of two or more of said inductors, two or more 2nd 
capacitors electrically connected corresponding to each of two or more 
of said word lines are included further. 

[0103] The magnetic storage according to claim 18 concerning this 
invention At least one semiconductor chip and the screen which consists 
of conductors and contains said at least one semiconductor chip, The 
package which consists of resin and contains said screen, and the base 
substrate which closes and seals opening of said package, With the bump 
for signal transmissions who is arranged in the outside principal plane 
of said base substrate, and performs the signal transmission of said at 
least one semiconductor chip and exterior It is arranged so that said 
bump for signal transmissions may be surrounded, and it has the bump for 
electric shielding electrically connected to said screen. Said at least 
one semiconductor chip The magnetic storage chip equipped with the 
memory cell array constituted by having two or more memory cells 



containing at least one magnetic tunnel junction is included. 
[0104] The magnetic storage according to claim 19 concerning this 
invention is further equipped with the 1st stress relaxation film 
arranged in the inside and the outside of the opening edge of said 
screen, and the 2nd stress relaxation film arranged by the wall of said 
screen. 

[0105] Including further the circuit chip in which, as for the magnetic 
storage according to claim 20 concerning this invention, said at least 
one semiconductor chip includes the circumference circuit of said memory 
cell array, said account chip of the MAG and said circuit chip are piled 
up up and down, and are contained by said electric shielding inside of 
the body. 

[0106] The magnetic storage according to claim 21 concerning this 
invention has the software ferromagnetic layer in which at least one 
magnetic tunnel junction can change the direction of magnetization, and 
said screen consists of ferromagnetics which have said software 
ferromagnetic layer and EQC, and bigger permeability than it. 
[0107] As for the magnetic storage according to claim 22 concerning this 
invention, said screen consists of the ant i ferromagnetic substance. 
[0108] As for the magnetic storage according to claim 23 concerning this 
invention, said screen consists of multilayers of a ferromagnetic and 
the ant i ferromagnetic substance. 

[0109] The magnetic-substance substrate according to claim 24 concerning 
this invention has at least the multilayers which form at least one 
magnetic tunnel junction arranged throughout the principal plane. 
[0110] The magnetic-substance substrate according to claim 25 concerning 
this invention contains the diamagnetic-material layer in which said 
multilayers were arranged in order as said at least one magnetic tunnel 
junction, the ferromagnetic layer, the tunnel barrier layer which 
consists of insulators, and the software ferromagnetic layer. 
[0111] The two-layer film of the 1st conductivity-type impurity layer 
and the 2nd conductivity-type impurity layer from which said multilayers 
are arranged by the lower part of said at least one magnetic tunnel 
junction, and the magnetic-substance substrate according to claim 26 
concerning this invention constitutes pn junction is included further. 
[0112] The magnetic-substance substrate according to claim 27 concerning 
this invention has said multilayers on the SOI substrate equipped with 
the substrate section used as a foundation, and the SOI layer which was 
arranged on this substrate section and which embedded and was arranged 
on the oxide film and this embedding oxide film. 
[0113] 



[Embodiment of the Invention] MRAM concerning the gestalt 1 of operation 
of <gestalt 1 of A. operation) description of gestalt of this 
operation) this invention is characterized by the easy axis of the 
software ferromagnetic layer which constitutes a MRAM eel not being 
parallel to a bit line and a word line, and arranging a MRAM eel so that 
a bit line and a word line, and the include angle of 40 - 50 degrees may 
more specifically be made. 

[0114] <an A-l. equipment configuration <the configuration of an A-l- 
l.MRAM cel» — the typical configuration of a MRAM eel is first 
explained using drawing 1 . The MRAM eel MC shown in drawing 1 has the 
pn junction diode 7 with which the laminating of n+ silicon layer 10 and 
the p+ silicon layer 11 is carried out, and they are constituted. 
[0115] And the tungsten stud 12 is arranged in the upper part of the pn 
junction diode 7, and the pn junction diode 7 is electrically connected 
to the magnetic tunnel junction (Magnetic Tunnel Junction:MTJ) 8 through 
the tungsten stud 12. 

[0116] The template layer 15 (lOnm of thickness) which MTJ8 is a 
laminated structure and consists of platinum (Pt) sequentially from the 
bottom, The initial ferromagnetic layer 16 (4nm of thickness) which 
consists of permalloys of nickel81Fel9, It consists of permalloys of the 
diamagnetic-material layer 18 (lOnm of thickness) which consists of 
Mn54Fe(s)46, CoFe, or nickel81Fel9. It has the ferromagnetic layer 20 
(8nm of thickness) to which the magnetization direction was fixed, the 
tunnel barrier layer 22 which consists of aluminum 203, the software 
ferromagnetic layer 24 which consists of multilayers of CoFe of 2nm of 
thickness, and nickel81Fel9 of 20nm of thickness, and the contact layer 
25 which consists of Pt(s). 

[0117] The plane view configuration of the MRAM eel MC is a rectangle, 
and they are set up so that a direction parallel to the long side may 
serve as an easy axis in the direction of the spin of the electron of 
the software ferromagnetic layer 24. [ including MTJ8 ] In addition, a 
direction parallel to a shorter side serves as a hard axis (hard axis) 
which is the difficult direction of magnetization. 

[0118] The flat-surface configuration of the conventional MRAM eel array 
is shown in Examination with detailed MRAM eel array of the A-l-2. 
former) drawing 2 . In addition, the MRAM eel MC 1 is shown as a 
perspective view for convenience. 

[0119] As shown in drawing 2 , two or more bit lines BL1 arranged in 
parallel mutually are arranged so that it may cross in the upper part of 
two or more word lines WL1 arranged in parallel mutually. 
[0120] And the MRAM eel (only calling a eel henceforth) MC 1 is formed 



in each intersection across which it faces with a word line and a bit 
line. In addition, the arrow head shown typically shows the direction of 
the spin of the software ferromagnetic layer 24 of the MRAM eel MC 1 to 
each MRAM eel MC 1, and the spin direction of all the MRAM eels MC 1 has 
become rightward in the state of the standby shown in drawing 2 . In 
addition, although [ the configuration of the MRAM eel MC 1 ] it is the 
same as that of the memory cell MC shown in drawing 1 , it is not 
necessarily limited to this configuration. 

[0121] Drawing 3 is the top view showing the condition of writing 
typically in the conventional MRAM eel array. In addition, the sign of 
MCla, MClb, and MClc may be attached and distinguished for convenience 
in the MRAM eel MC 1 below. 

[0122] If a predetermined current is passed to the word line and bit 
line (the selection word line and the subdevice-bit line, and name) for 
performing address selection at the time of writing, around a current, a 
field will occur with the principle of BIO savart (Biot-Savart) . 
[0123] Here, the field which generates the field generated around a bit 
line around Hx and a word line is set to Hy. And a selection word line 
and a subdevice-bit line are written as WLla and BLla for convenience, 
respectively. 

[0124] In addition, the direction where the current in drawing 3 flows 
is the right from the left in selection word line WLla upwards in 
subdevice-bit line BLlb from the bottom. 

[0125] If a predetermined current is passed to selection word line WLla 
and subdevice-bit line BLlb, in the intersection (selection address) of 
a both line, Fields Hx and Hy will join together. If this joint field is 
impressed, the direction of magnetization of the software ferromagnetic 
layer 24 of MRAM eel MCla currently installed in the intersection of 
selection word line WLla and subdevice-bit line BLlb will rotate in the 
field of a layer, and the writing of data will be performed. In drawing 
3 , the spin direction of MRAM eel MCla rotates 90 degrees or more, and 
is shown. 

[0126] And by the magnetization anisotropy by the eel configuration, 
since spin rotates to the direction of an easy axis, finally spin will 
be reversed (180-degree rotation). 

[0127] Also in two or more MRAM eel MClb shown in the MRAM eel which is 
half-selection (half-select) 9 eel to which the current is flowing to 
either the word line located up and down or a bit line, i.e., drawing 3 , 
on the other hand, although the spin of the software ferromagnetic layer 
24 rotates, each current is set to reversal so that it may not result. 
[0128] In addition, since the field Hx of two or more half-selection eel 



MClc depended on subdevice-bit line BLla generated around subdevice-bit 
line BLla is the same as that of the direction of an easy axis, the big 
rotation like [ it displays on drawing 3 ] cannot be caused only by 
Field Hx. 

[0129] The relation of the three above-mentioned field in the case of 
forming the field Hk required for making drawing 4 reverse spin by the 
joint field with Fields Hx and Hy is shown. In drawing 4 , Field Hk is 
shown on an axis of abscissa, and Field Hy is shown on the axis of 
ordinate. Moreover, the relation concerned is expressed with a formula 
below. 
[0130] 

[Equation 3] 

I R- 1 

[0131] The curve in drawing 4 is called an asteroid curve. And when 
Field Hk is expressed with the following formula (4), the spin of the 
software ferromagnetic layer 24 is reversed. 
[0132] 

[Equation 4] 

l a- J 

[0133] Moreover, when Field Hk is expressed with the following formula 
(5), the direction of the spin of the software ferromagnetic layer 24 is 
maintained. 
[0134] 

[Equation 5] 

IB' I 

[0135] The flux density B generated around the stationary current I is 

expressed with a formula (6) below from Biot-Savart law. 

[0136] 

[Equation 6] 

IB" I 

[0137] Here, mu is permeability and R is the distance from Current I. 
Moreover, Field H and flux density B have the relation expressed with a 
formula (7) below. 
[0138] 

[Equation 7] 



[0139] Therefore, the following formulas (8) are realized. 
[0140] 

[Equation 8] 

Is " 1 



[0141] The above-mentioned formula (8) shows that Field H is 
proportional to the stationary current I. Therefore, in order to lower 
the power consumption at the time of writing, it is desirable to lower 
the field Hk required to reverse spin, i.e., to make Hx+Hy as small as 
possible. 

[0142] Artificers reached the configuration of the MRAM eel array which 
can reduce Field Hk based on examination of the conventional technique 
mentioned above. 

[0143] The flat-surface configuration of the MRAM eel array MA 10 which 
starts the gestalt 1 of operation of this invention at the configuration 
of an A-l-3. MRAM eel array and drawing 5 <of operation) is shown. As 
shown in drawing 5 , two or more bit lines BL1 arranged in parallel 
mutually are arranged so that it may cross in the upper part of two or 
more word lines WL1 arranged in parallel mutually. 

[0144] And the MRAM eel MC 2 is formed in each intersection across which 
it faces with a word line and a bit line. In addition, although [ the 
configuration of the MRAM eel MC 2 ] it is the same as that of the 
memory cell MC shown in drawing 1 , it is not necessarily limited to 
this configuration. 

[0145] As shown in drawing 5 , each MRAM eel MC 3 is arranged so that an 
easy axis may incline 45 degrees to a bit line and a word line. In 
addition, in this example, since it leans to the diagonal right 45 
degrees and is arranged in it to the word line WL1, in the state of the 
standby shown in drawing 5 , the spin direction of all the MRAM eels MC 
2 has diagonally right sense. 

[0146] Drawing 6 is the top view showing typically the condition of the 
writing of the MRAM eel array MA 10. In addition, the sign of MC2a, MC2b, 
and MC2c may be attached and distinguished for convenience in the MRAM 
eel MC 2 below. 

[0147] If a predetermined current is passed to selection word line WLla 
and subdevice-bit line BLlb, in the intersection (selection address) of 
a both line, Fields Hx and Hy will join together. In addition, the 
direction where the current in drawing 6 flows is the right from the 
left in selection word line WLla upwards in subdevice-bit line BLlb from 
the bottom. 



[0148] If this joint field is impressed, the direction of magnetization 
of the software ferromagnetic layer 24 of MRAM eel MCla currently 
installed in the intersection of selection word line WLla and subdevice- 
bit line BLlb will rotate in the field of a layer, and the writing of 
data will be performed. In drawing 6 , the spin direction of MRAM eel 
MC2a rotates 90 degrees or more, and is shown. 

[0149] And by the magnetization anisotropy by the eel configuration, 
since spin rotates to the direction of an easy axis, finally spin will 
be reversed (180-degree rotation). 

[0150] Also in two or more MRAM eel MC2bs shown in the MRAM eel which is 
a half-selection eel to which the current is flowing to either the word 
line located up and down or a bit line, i.e., drawing 6 , on the other 
hand, and MC2c, although the spin of the software ferromagnetic layer 24 
rotates, each current is set to reversal so that it may not result. 
[0151] Although the spin of the software ferromagnetic layer 24 rotates 
two or more half-selection eel MC2c depended on subdevice-bit line BLla 
here so that it may display on drawing 6 since the field Hx generated 
around subdevice-bit line BLla crosses at the include angle of about 45 
degrees to the direction of an easy axis Spin can also be reversed by 
adjusting the magnitude of each current, and it cannot be made reversed, 
either. This is the same also about two or more half-selection eel MC2bs 
depended on selection word line WLla. 

[0152] The flat-surface configuration of the MRAM eel array MA 20 is 
shown in <example of configuration of A-l-4. and others) drawing 7 as an 
example of a configuration of others of the gestalt 1 of operation. As 
shown in drawing 7 , two or more bit lines BL1 arranged in parallel 
mutually are arranged so that it may cross in the upper part of two or 
more word lines WL1 arranged in parallel mutually. 

[0153] And the MRAM eel MC 3 is formed in each intersection across which 
it faces with a word line and a bit line. In addition, although [ the 
configuration of the MRAM eel MC 3 ] it is the same as that of the 
memory cell MC shown in drawing 1 , it is not necessarily limited to 
this configuration. 

[0154] As shown in drawing 7 , each MRAM eel MC 3 is arranged so that an 
easy axis may incline 45 degrees to a bit line and a word line. In 
addition, in this example, since it leans to the diagonal below 45 
degrees and is arranged in it to the word line WL1, in the state of the 
standby shown in drawing 7 , the spin direction of all the MRAM eels MC 
3 has diagonally right sense. 

[0155] Drawing 8 is the top view showing typically the condition of the 
writing of the MRAM eel array MA 20. In addition, the sign of MC3a, MC3b, 



and MC3c may be attached and distinguished for convenience in the MRAM 
eel MC 3 below. 

[0156] If a predetermined current is passed to selection word line WLla 
and subdevice-bit line BLla, in the intersection (selection address) of 
a both line, Fields Hx and Hy will join together. 

[0157] In addition, the direction where the current in drawing 8 flows 
is the right from the left in selection word line WLla upwards in 
subdevice-bit line BLla from the bottom. 

[0158] If this joint field is impressed, the direction of magnetization 
of the software ferromagnetic layer 24 of MRAM eel MC3a currently 
installed in the intersection of selection word line WLla and subdevice- 
bit line BLla will rotate in the field of a layer, and the writing of 
data will be performed. In drawing 8 , the spin direction of MRAM eel 
MC3a rotates 90 degrees or more, and is shown. 

[0159] And by the magnetization anisotropy by the eel configuration, 
since spin rotates to the direction of an easy axis, finally spin will 
be reversed (180-degree rotation). 

[0160] On the other hand, although the spin of the software 
ferromagnetic layer 24 rotates also in two or more MRAM eel MC2bs and 
MC2c which are the half-selection eel shown in drawing 8 , each current 
is set to reversal so that it may not result. 

[0161] Optimization of the arrangement direction of a MRAM eel is 
explained using Optimization of the arrangement direction of an A-l- 
5. MRAM cel> next drawing 9 - drawing 25 . 

[0162] First, the case where the direction of spin is reversed by the 
joint field Hk is explained. 

[0163] The relation of the direction of the spin of MRAM eel MCla of the 
selection address at the time of the writing in the conventional MRAM 
eel array shown in drawing 9 and drawing 10 at drawing 2 and the 
direction of the joint field Hk which reverses it is shown typically. 
[0164] In drawing 9 and drawing 10 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 
which the joint field Hk makes will turn into thetal=135 degree. 
[0165] Moreover, the relation of the direction of the spin of MRAM eel 
MC2a of the selection address at the time of the writing in the MRAM eel 
array MA 10 shown in drawing 11 and drawing 12 at drawing 5 and the 
direction of the joint field Hk which reverses it is shown typically. 
[0166] In drawing 11 and drawing 12 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 
which the joint field Hk makes will turn into theta2=90 degree. 
[0167] Moreover, the relation of the direction of the spin of MRAM eel 



MC3a of the selection address at the time of the writing in the MRAM eel 
array MA 20 shown in drawing 13 and drawing 14 at drawing 7 and the 
direction of the joint field Hk which reverses it is shown typically. 
[0168] In drawing 13 and drawing 14 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 
which the joint field Hk makes will turn into theta3=180 degree. 
[0169] Next, the relation between the joint field Hk and Fields Hx and 
Hy is shown in drawing 15 . although this relation is the same as what 
was shown as an asteroid curve in drawing 4 — |Hx|+|Hy|= — under the 
conditions, i.e., the condition of a write-in fixed current, of being 
fixed, if the fields Hx and Hy on an asteroid curve are searched for, 
Hx=Hy=Hk / relation of 2root2 will be obtained. 

[0170] If based on this, in the conventional MRAM eel array shown in 
drawing 9 and drawing 10 , spin will be rotated about 135 degrees by the 
joint field Hk, and 180 degrees will rotate spin from there using the 
magnetization anisotropy by the configuration. 

[0171] On the other hand, in the MRAM eel array MA 10 shown in drawing 
11 and drawing 12 , spin rotates about 90 degrees in the magnitude of 
the same joint field. Therefore, even if it uses the magnetization 
anisotropy by the configuration, it is [ whether spin is reversed and ] 
in a critical condition. So, when taking the configuration of the MRAM 
eel array MA 10, it is desirable to enlarge Field Hx a little rather 
than Field Hy, and to make the angle of rotation theta 2 of spin into 90 
degrees or more. 

[0172] In addition, in the MRAM eel array MA 20 shown in drawing 13 and 
drawing 14 , since spin rotates about 180 degrees in the magnitude of 
the same joint field, spin can be reversed certainly. 
[0173] Next, even if the joint field Hk is added, the relation of the 
direction of spin and the direction of the joint field Hk which 
maintains it is typically shown in drawing 16 - drawing 21 about the 
case where the direction of spin is maintained. In addition, since 
drawing 16 - drawing 21 support drawing 9 - drawing 14 , the overlapping 
explanation is omitted. 

[0174] In drawing 16 and drawing 17 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 
which the joint field Hk makes will turn into thetall=45 degree. 
[0175] In drawing 18 and drawing 19 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 
which the joint field Hk makes will turn into thetal2=0 degree. 
[0176] In drawing 20 and drawing 21 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 



which the joint field Hk makes will turn into thetal3=90 degree. 
[0177] Therefore, in the conventional MRAM eel array shown in drawing 
16 , in the MRAM eel array MA 10 which the direction of spin is mostly 
maintained and is shown in drawing 18 , although writing is performed so 
that it may be maintained completely, in the MRAM eel array MA 20 shown 
in drawing 20 , the direction of spin is [ whether spin is reversed 
and ] in a critical condition, and is not desirable. 
[0178] It is desirable to take into consideration the sense of the 
current which adopts the configuration of the MRAM eel array MA 20 shown 
in drawing 13 and drawing 20 , and is passed to a bit line and a word 
line from the above consideration. The configuration concerned is 
explained using drawing 22 - drawing 25 . 

[0179] In the configuration of the MRAM eel array MA 20, as for drawing 
22 and drawing 23 , the direction where a current flows like drawing 8 
shows typically the relation of the direction of the joint field Hk 
which reverses the direction of the spin of MRAM eel MC3a of the 
selection address at the time of the writing in the case of being the 
right from the left in selection word line WLla, and it from the bottom 
upwards to in subdevice-bit line BLla. 

[0180] In drawing 22 and drawing 23 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 
which the joint field Hk makes turn into theta4=180 degree, and it can 
be said that it is the configuration that it was suitable when data were 
written in by reversing the direction of spin. 

[0181] Moreover, drawing 24 and drawing 25 show typically the relation 
of the direction of the spin of MRAM eel MC3a of the selection address 
at the time of writing when the direction where a current flows has 
turned on the left from the right in selection word line WLla down in 
subdevice-bit line BLla from the top, and the direction of the joint 
field Hk which maintains it in the configuration of the MRAM eel array 
MA 20. 

[0182] In addition, compared with the case of drawing 22 , the sense of 
the current passed to a bit line and a word line is changed. 
[0183] In drawing 24 and drawing 25 , if the case where the magnitude of 
Fields Hx and Hy is the same is assumed, spin and the include angle 
which the joint field Hk makes turn into thetaS^O degree, and it can be 
said that it is the configuration that it was suitable when data were 
written in by maintaining the direction of spin. 

[0184] Moreover, also in which configuration of drawing 22 and drawing 
24 , since the direction and easy axis of a joint field are in agreement, 
it has further the advantage that the error of writing becomes smaller 



than before. 

[0185] As explained beyond the <A-2. operation effectiveness>, according 
to MRAM of the gestalt 1 of operation concerning this invention It is 
leaning and arranging the easy axis of the software ferromagnetic layer 
24 which constitutes a MRAM eel so that the include angle of 45 degrees 
may be aslant made desirably 40 to 50 degrees to a bit line and a word 
line. With few write-in currents, the direction of the spin of the MRAM 
eel in the selection address can be reversed certainly, and the power 
consumption at the time of writing can be reduced. 

[0186] Moreover, by changing the sense of the current passed to a bit 
line and a word line by the case where the direction of the spin of the 
MRAM eel in the selection address is reversed, and the case where the 
direction of spin is maintained, the direction and easy axis of a joint 
field are made in agreement, and the error of writing can also be 
reduced. 

[0187] MRAM concerning the gestalt 2 of operation of <gestalt 2 of B. 
operation) description of gestalt of this operation) this invention The 
both ends of the bit line of a MRAM eel array and a word line are 
equipped with read-out / write-in control circuit of a pair. As a 
configuration of the circuit concerned The 1st M0S transistor which 
connects a bit line and supply voltage VDD, It has the function to write 
in both directions of a bit line at the time of writing, and to pour an 
electric wire, and the function which outputs the electrical potential 
difference which originates in a sense current at the time of read-out 
to a sense amplifier including the 2nd transistor which connects a bit 
line and the touch-down electrical potential difference VSS. 
[0188] <B-1. equipment configuration <whole B-l-l.MRAM conf iguration» 
drawing 26 is the block diagram showing the configuration of MRAM 
concerning the gestalt 2 of operation of this invention, and shows the 
MRAM eel array MCA and its circumference circuit. 

[0189] drawing 26 — setting — the train address buffer (column address 
buffer) CAB — a train address signal — receiving — a signal — 
reversal — or it amplifies and outputs to the train decoder CD. 
[0190] The train decoder CD decodes a train address signal, and outputs 
the decoded signal to Multiplexer MUX. 

[0191] Multiplexer MUX chooses a bit line according to the decoded train 
address signal. A signal is outputted to coincidence in the 1st control 
circuit CRW1 of train read-out / writing of a bit line connected to an 
edge on the other hand, and it reads from the 1st control circuit CRW1 
of train read-out / writing, or an electrical potential difference and a 
current are impressed to a subdevice-bit line according to writing. 



[0192] the line address buffer (row address buffer) MB — a line 
address signal — receiving — a signal — reversal — or it amplifies 
and outputs to the line decoder RD. 

[0193] The line decoder RD decodes a line address signal, and chooses a 
word line according to the decoded line address signal. A signal is 
outputted to coincidence in the 1st control circuit RRW1 of line read- 
out / writing of a bit line connected to an edge on the other hand, and 
it reads from the 1st control circuit RRW1 of line read-out / writing, 
or an electrical potential difference and a current are impressed to a 
selection word line according to writing. 

[0194] Moreover, as for the data read from the MRAM eel array MCA, or 
the data written in the MRAM eel array MCA, I/O of data is performed 
between the exteriors through an input output buffer I0B. 
[0195] In addition, the 2nd control circuit CRW2 of train read-out / 
writing is connected to the another side edge of a bit line, and the 2nd 
control circuit RRW2 of line read-out / writing is connected to the 
another side edge of a word line. 

[0196] <Detail configuration of B-l-2. MRAM> drawing 27 shows the circuit 
diagram about the configuration except Multiplexer MUX, the train 
decoder CD, the line decoder RD, and an input output buffer I0B among 
MRAM(s) shown in drawing 26 . Moreover, about the train address buffer 
CAB and the line address buffer RAB, illustration is omitted for 
convenience. In addition, MRAM of a configuration of being shown in 
drawing 27 calls MRAM100. 

[0197] In drawing 27 , the MRAM eel array MCA has the MRAM eels MC11, 
MC21, MC12, and MC22. A magnetic tunnel junction (MTJ) and pn junction 
diode have the structure connected to the serial, any MRAM eel expresses 
MTJ with variable resistance in drawing 27 , and the series connection 
circuit with diode is expressed as an equal circuit. 
[0198] MTJ is expressed with variable resistance in the software 
ferromagnetic layer (the modification possibility of, i.e., modification 
of the direction of magnetization, is possible for the direction of an 
electron spin) which constitutes MTJ, and a ferromagnetic layer (the 
direction of immobilization, i.e., magnetization, is fixed by the 
direction of an electron spin), because tunnel resistance becomes small 
when both spin has turned to the same direction, and tunnel resistance 
becomes large when having turned to the opposite direction mutually. 
Therefore, this variable resistance will have two resistance. 
[0199] The MRAM eel MC 11 has the variable resistance Rll and diode Dll 
by which series connection was carried out between the bit line BL1 and 
the word line WL1. The MRAM eel MC 21 It has the variable resistance R21 



and diode D21 by which series connection was carried out between the bit 
line BL1 and the word line WL2. The MRAM eel MC 12 Having the variable 
resistance R12 and diode D12 by which series connection was carried out 
between the bit line BL2 and the word line WL1, the MRAM eel MC 22 has 
the variable resistance R22 and diode D22 by which series connection was 
carried out between the bit line BL2 and the word line WL2. 
[0200] Bit lines BL1 and BL2 have the composition that the drain 
electrical potential difference VDD is given through the NMOS 
transistors MN11 and MN21, respectively, in the 2nd control circuit CRW2 
of train read-out / writing. And the drain electrode of the NMOS 
transistors MN12 and MN22 is connected to the drain electrode of the 
NMOS transistors MN11 and MN21, respectively, and it has become the 
source electrode of the NMOS transistors MN12 and MN22 with the 
configuration that the source electrical potential difference VSS is 
given. 

[0201] Moreover, the output of NAND gates ND1, ND2, ND3, and ND4 is 
given to the gate electrode of the NMOS transistors MN11, MN12, MN21, 
and MN22, respectively, and each input which is three of NAND gates ND1- 
ND4 is connected to Multiplexer MUX. 

[0202] Bit lines BL1 and BL2 have the composition that the drain 
electrical potential difference VDD is given through the NMOS transistor 
MN13, variable resistance R31 and MN23, and variable resistance R32, 
respectively, in the 1st control circuit CRW1 of train read-out / 
writing. And the drain electrode of the NMOS transistors MN14 and MN24 
is connected to the drain electrode of the NMOS transistors MN13 and 
MN23, respectively, and it has become the source electrode of the NMOS 
transistors MN14 and MN24 with the configuration that the source 
electrical potential difference VSS is given. 

[0203] In addition, the source electrode of the NMOS transistors MN13 
and MN23 is connected also to the multiplexer MUX containing a sense 
amplifier for detection of a sense current. 

[0204] Moreover, the output of NAND gates ND5, ND6, ND7, and ND8 is 
given to the gate electrode of the NMOS transistors MN13, MN14, MN23, 
and MN24, respectively, and each input which is three of NAND gates ND1- 
ND4 is connected to Multiplexer MUX. 

[0205] Word lines WL1 and WL2 have the composition that the drain 
electrical potential difference VDD is given through the NMOS 
transistors QN11 and QN21, respectively, in the 1st control circuit RRW1 
of line read-out / writing. And the drain electrode of the NMOS 
transistors QN12 and QN22 is connected to the drain electrode of the 
NMOS transistors QN11 and QN21, respectively, and it has become the 



source electrode of the NMOS transistors QN12 and QN22 with the 
configuration that the source electrical potential difference VSS is 
given. 

[0206] Moreover, the gate electrode of the NMOS transistors QN11, QN12, 
QN21, and QN22 is connected to the line decoder RD. 
[0207] Word lines WL1 and WL2 have the composition that the source 
electrical potential difference VSS is given through the NMOS 
transistors QN13 and QN14, respectively, in the 2nd control circuit RRW2 
of line read-out / writing. 

[0208] In addition, in drawing 27 , although the MRAM eel array MCA is 
made into the eel array of two-line two trains, the size of a row and 
column is not limited to this. 

[0209] Actuation of MRAM100 is explained using drawing 27 - drawing 29 
below <B-2. equipment actuation). Drawing 28 is the timing chart of the 
various currents in MRAM100 at the time of read-out and writing, and an 
electrical potential difference. 

[0210] While the timing chart of the electrical potential difference 
given to the word line and bit line for writing and read-out of the 
timing chart of a sense current and the MRAM eels MC11, MC21, and MC12 
in drawing 28 is shown The timing chart of the gate voltage Vll, V12, 
V13, and V14 given to each gate electrode of the NMOS transistors MN11, 
MN12, MN13, and MN14, The timing chart of the gate voltage VW1, VW2, and 
VW3 given to the gate electrode of the NMOS transistors QN11, QN12, and 
QN13 and the timing chart of the source electrical potential difference 
VS 1 of the NMOS transistor MN13 are shown. 

[0211] Moreover, in drawing 28 , the electrical potential differences at 
the time of standby of a word line and a bit line are electrical 
potential differences VW and Vb. 

[0212] Since pn junction diode is contained in each MRAM eel, electrical 
potential differences VW and Vb are impressed to a word line and a bit 
line so that a reverse bias may be impressed to the pn junction of the 
diode concerned at the time of standby. In addition, since each diode is 
constituted so that a cathode may be connected to a word line as shown 
in drawing 27 , it is set up so that it may become the relation of VW>Vb. 
[0213] It is assumed to below as the electrical-potential-difference Vb= 
source electrical potential difference VSS, and control of a bit line 
BL1 is explained to it. 

[0214] As shown in <B~2-1. standby condition) drawing 28 , in the state 
of standby, as for all word lines, an electrical potential difference VW 
is impressed, and, as for all bit lines, an electrical potential 
difference Vb is impressed. In order to realize this, four NMOS 



transistors MN11, MN12, MN13, and MN14 shown in drawing 28 are arranged. 
[0215] That is, the source electrical potential difference VSS is given 
to gate voltage VI 1 and V13 so that the NMOS transistors MN11 and MN13 
may be in an OFF state at the time of standby, and the drain electrical 
potential difference VDD is given to gate voltage V12 and V14 so that 
the NMOS transistors MN12 and MN14 may be in an ON state. 
[0216] Moreover, gate voltage VW1 is impressed so that the NMOS 
transistor QN11 may be in an ON state, gate voltage VW2 is impressed so 
that the NMOS transistor QN12 may be in an OFF state, and gate voltage 
VW3 is impressed so that the NMOS transistor QN13 may be in an OFF state. 
[0217] In addition, since the source electrode is connected to the drain 
electrical potential difference VDD, the NMOS transistor QN11 impresses 
the electrical potential difference of VDD+delta VDD as gate voltage VW1. 
This is for compensating the voltage drop by the threshold electrical 
potential difference of a transistor. 

[0218] Consequently, the source electrical potential difference VSS is 
given to a bit line BL1, and the drain electrical potential difference 
VDD is given to a word line WL1. 

[0219] When writing data "l" in the <B-2~2. write-in condition 1 (light 
1)> MRAM eel MC 11 (the direction of spin is reversed), it is necessary 
to pass a current on the selection word line WL1 and the subdevice-bit 
line BL1. In MRAM100 shown in drawing 27 , it assumes that a current 
flows bidirectionally only to a bit line. 

[0220] In this case, make the NMOS transistors MN11 and MN14 into an ON 
state, and let the NMOS transistors MN12 and MN13 be OFF states. However, 
since the source electrode is connected to the drain electrical 
potential difference VDD, the NMOS transistor MN11 impresses the 
electrical potential difference of VDD+delta VDD as gate voltage VI 1. 
[0221] Consequently, the current IBT which flows a bit line BL1 will 
flow toward the bottom from on drawing 27 . 

[0222] To the selection word line WL1, Current IWD will flow toward the 
right from the left of drawing 27 by making the NMOS transistors QN11 
and QN13 into an ON state, and on the other hand, making the NMOS 
transistor QN12 into an OFF state. Since the source electrode is 
connected to the drain electrical potential difference VDD, the NMOS 
transistor QN11 impresses the electrical potential difference of 
VDD+delta VDD as gate voltage Vwl. 

[0223] Thus, the spin of the software ferromagnetic layer of MTJ of the 
MRAM eel MC 11 rotates the selection word line WL1 and the subdevice-bit 
line BL1 by the field resulting from the flowing currents IWD and IBT, 
and data are written in. 



[0224] When reading the data "1" written in the <B-2-3. read-out 
condition 1 (lead l)> MRAM eel MC 11, forward bias is impressed only to 
the diode Dll of the MRAM eel MC 11, and the sense current ISC is passed. 
If this sense current ISC flows the MRAM eel MC 11, a bit line BL1 will 
cause a voltage drop. Data judge "0" and "1" in the magnitude of this 
voltage drop. 

[0225] In order to impress forward bias to diode Dll, an electrical 
potential difference Vb is impressed to the selection word line WL1, and 
an electrical potential difference Vw is impressed to the subdevice-bit 
line BL1. In order to realize this condition, make the NMOS transistors 
MN11 and MN13 into an ON state, and let the NMOS transistors MN12 and 
MN14 be OFF states. 

[0226] However, since the source line of the NMOS transistors MN11 and 
MN13 is VDD, the electrical potential difference of VDD+delta VDD is 
impressed as gate voltage VI 1 and V13. 

[0227] At this time, a reverse bias (it is an electrical potential 
difference Vb to an electrical potential difference VW and a bit line 
BL2 in a word line WL2) is impressed to the pn junction diode D22 of the 
MRAM eel MC 22 of the non-choosing address, the potential difference is 
not given to the diodes D12 and D21 of the MRAM eels MC12 and MC21 of 
the half-selection address (0 bias), and a current does not flow in the 
MRAM eels MC12, MC21, and MC22. 

[0228] Here, RH and the value of the lower one are set to RL for the 
value of the higher one between two resistance of variable resistance 
Rll (namely, MT J) . 

[0229] The sense current ISC which flows the memory cell of the MRAM eel 
MC 11 changes magnitude with the resistance (namely, value of variable 
resistance Rll) of MTJ. Since it is RH>RL when the value of a sense 
current in case resistance of MTJ is RH and RL is set to IL and IH, 
IH>IL is realized. 

[0230] Since a sense current flows in the MRAM eel MC 11, the electrical 
potential difference VS 1 of the source electrode (it connects with 
Multiplexer MUX) of the NMOS transistor MN13 falls rather than the drain 
electrical potential difference VDD. 

[0231] This voltage drop detects data "1" as compared with reference 
voltage depending on magnetic tunnel resistance with the sense amplifier 
contained in Multiplexer MUX in this descent electrical potential 
difference. 

[0232] When writing data "0" in the <B-2-4. write-in condition 0 (light 
0)> MRAM eel MC 11 (the direction of spin is maintained), differing from 
the case of the write-in condition 1 is the point that the direction of 



the current which flows the subdevice-bit line BL1 becomes reverse. In 
order to realize this, make the NMOS transistors MN11 and MN14 into an 
OFF state, and let the NMOS transistors MN12 and MN13 be ON states. 
[0233] Consequently, the current IBT which flows a bit line BL1 will 
flow toward a top from under drawing 27 . 

[0234] When reading the data "0" written in the <B-2-5. read-out 
condition 0 (lead 0)> MRAM eel MC 11, actuation of the NMOS transistors 
MN11, MN12, MN13, and MN14 is the same as the read-out condition 1 (lead 
1). However, electrical-potential-difference difference deltaV with the 
electrical potential difference VS 1 in case the electrical potential 
difference VS 1 of the source electrode of the NMOS transistor MN13 in 
case the data to read are "0", and the data to read are "\" becomes so 
large that the rate of change (RH-RL) of magnetic tunnel resistance / 
value of RL is large. Since the margin to reference voltage detectable 
[ with a sense amplifier ] becomes large so that electrical-potential- 
difference difference deltaV is large, detection becomes easy. 
[0235] Here, the applied-voltage dependency of the rate of change of 
magnetic tunnel resistance is shown in drawing 29 . In drawing 29 , the 
rate of change {(RH-RL) /RL} of magnetic tunnel resistance is shown for 
the bias voltage impressed to an axis of abscissa at MTJ on an axis of 
ordinate, in addition, the property about the single MAG tunnel junction 
which has one layer of tunnel barrier layers which were explained to 
drawing 29 until now, and which are MTJ — a tunnel barrier layer — 
two-layer — ****** — the property about a double MAG tunnel junction 
is shown collectively. 

[0236] When the electrical potential difference impressed to a magnetic 
(single ****** duplex) tunnel junction is about 0. IV so that drawing 29 
may show, the rate of change of magnetic tunnel resistance becomes max. 
Therefore, the electrical potential difference VW impressed to the 
subdevice-bit line BL1 at the time of read-out has a desirable 
electrical potential difference only with 0. 1 V [ higher than the 
electrical potential difference impressed to pn junction diode ]. This 
electrical potential difference is realizable by adjusting the value of 
gate voltage VDD+delta VDD of the NMOS transistors MN11 and MN13. 
[0237] Here, the configuration of a double MAG tunnel junction is 
explained using drawing 30 . As shown in drawing 30 , the double MAG 
tunnel junction has the configuration to which the laminating of the 1st 
ant i ferromagnetic substance layer AF 1, the ferromagnetic layer FM 1, 
the 1st tunnel barrier layer TB 1, the software ferromagnetic layer FMS, 
the 2nd tunnel barrier layer TB 2, and the 2nd antiferromagnetic 
substance layer AF 2 was carried out. 



[0238] In such a configuration, when an electrical potential difference 
VX is impressed among the terminals TA and TB of the 1st and 2nd 
ant i ferromagnetic substance layers AF1 and AF2, VX / every two 
electrical potential difference will be built over the 1st and 2nd 
tunnel barrier layers TBI and TB2. 

[0239] On the other hand, since an electrical potential difference VX 
will be built at a tunnel barrier thin film in the case of a single MAG 
tunnel junction, but the rate of change of magnetic tunnel resistance 
becomes so small that applied voltage is large, as the rate of change of 
magnetic tunnel resistance becomes large and the direction of a double 
MAG tunnel junction shows drawing 29 , a difference will arise in a 
property in a single MAG tunnel junction and a double MAG tunnel 
junction. 

[0240] As explained beyond the <B~3. operation eff ectiveness>, according 
to MRAM of the gestalt 2 of operation concerning this invention Equip 
the both ends of the bit line of the MRAM eel array MCA, and a word line 
with the 1st control circuit CRW1 of train read-out / writing, and the 
2nd control circuit CRW2 of train read-out / writing, and it sets to 
each. The 1st MOS transistor which connects a bit line and an electrical 
potential difference VDD (MN11, MN21, MN13, MN23), Since it has the 2nd 
MOS transistor (MN12, MN22, MN14, MN24) which connects a bit line and an 
electrical potential difference VSS The sense of the current which flows 
on a subdevice-bit line can be changed by changing an NMOS transistor, 
and the direction of the spin of the software ferromagnetic layer which 
constitutes MTJ can be changed into arbitration. In addition, since the 
NMOS transistor MN11, MN12 and MN21, MN22 and MN13, and MN14, MN23 and 
MN24 can change the connection place of the both ends of a bit line to 
an electrical potential difference VDD or an electrical potential 
difference VSS, they can call it a change means. 

[0241] Moreover, since the 1st MOS transistor of the above of the 1st 
control circuit CRW1 of train read-out / writing is connected to the 
multiplexer MUX containing a sense amplifier, the electrical potential 
difference which originates in a sense current at the time of read-out 
of data can be outputted to Multiplexer MUX. 

[0242] As a modification 1 of the gestalt 2 of operation concerning <B~4. 
modification 1> this invention, MRAM200 is shown in drawing 31 . In 
addition, MRAM200 has the almost same configuration as MRAM100 explained 
using drawing 27 . Differing instead of the NMOS transistors MN11, MN13, 
MN21, MN23, and QN11 in MRAM100, and QN21** The PM0S transistors MP11, 
MP13, MP21, MP23, QP11, and QP21 are formed. And the output of NAND gate 
ND11 is given to the gate electrode of the PM0S transistor MP 11 and the 



NMOS transistor MN12. The output of NAND gate ND12 is given to the gate 
electrode of the PMOS transistor MP 21 and the NMOS transistor MN22. The 
output of NAND gate ND13 is given to the gate electrode of an input, the 
PMOS transistor MP 13, and the NMOS transistor MN14. It is the point 
which gave the output of NAND gate ND14 to the gate electrode of the 
PMOS transistor MP 23 and the NMOS transistor MN24, and has communalized 
the gate input. 

[0243] In MRAM100 shown in drawing 27 , since the electrical potential 
difference of VDD+delta VDD was impressed to the gate of MN21 and MN23 
of the NMOS transistors MN11 and MN13 in the ON state, compared with the 
NMOS transistors MN12, MN14, MN22, and MN24 which only VDD requires for 
gate voltage, the burden placed on gate dielectric film may have become 
large. 

[0244] However, in MRAM200 shown in drawing 31 , it is adopting the PMOS 
transistors MP11, MP13, MP21, and MP23, and since it is not necessary to 
impress the electrical potential difference more than VDD to the gate, 
the burden placed on gate dielectric film becomes small. 
[0245] By moreover, the thing for which the PMOS transistors MP11, MP13, 
MP21, and MP23 are adopted Communal izat ion of the NMOS transistors MN12, 
MN14, MN22, and MN24 and a gate input can be attained. The PMOS 
transistor MP 11 The NMOS transistor MN12, the PMOS transistor MP 21 and 
the NMOS transistor MN22, the PMOS transistor MP 13 and the NMOS 
transistor MN14, the PMOS transistor MP 23, and the NMOS transistor MN24 
And an inverter (A driver and a buffer) are formed and power consumption 
can be reduced compared with MRAM100. 

[0246] Drawing 32 is the timing chart of the various currents in MRAM200 
at the time of read-out and writing, and an electrical potential 
difference. 

[0247] In MRAM200, since each gate input of the PMOS transistors MP11 
and MP13 and the NMOS transistors MN12 and MN14 is communalized, the 
timing chart of gate voltage VI 1 and V12 becomes the same, and the 
timing chart of gate voltage V13 and V14 becomes the same. 
[0248] Moreover, although the timing chart of gate voltage VW1 and VW2 
becomes the same since the gate input of the PMOS transistor QP 11 and 
the NMOS transistor QN12 is communalized (the same is said of the gate 
input of the PMOS transistor QP 21 and the NMOS transistor QN22), 
fundamental actuation is the same as MRAM100. 

[0249] In addition, in this example, it is assumed as the electrical- 
potential-difference Vb= source electrical potential difference VSS and 
the electrical-potential-difference VW= drain electrical potential 
difference VDD. That is, when the property of MJT is the same as what 



was shown in drawing 29 , the drain electrical potential difference VDD 
is set as the value which added 0. IV to the electrical potential 
difference impressed to the pn junction diode of each MRAM eel almost 
equally. 

[0250] Moreover, although not shown in drawing, read-out / write-in 
control circuit of MRAM 100 and 200 may be shared with an adjoining MRAM 
eel array. In this case, only a part to have shared does so the 
effectiveness of reducing equipment area. 

[0251] As a modification 2 of the gestalt 2 of operation concerning <B~5. 
modification 2> this invention, MRAM300 is shown in drawing 33 . In 
addition, MRAM300 has the almost same configuration as MRAM200 explained 
using drawing 31 . Differing The PM0S transistor MP 11 And the NM0S 
transistor MN12, To each drain inter-electrode of the PM0S transistor MP 
13 and the NM0S transistor MN14, the PM0S transistor MP 21 and the NM0S 
transistor MN22, the PM0S transistor MP 23, and the NM0S transistor MN24 
The point which inserted the NM0S transistors MN15, MN16, MN25, and MN26, 
It is the point which inserted the NM0S transistors QN1 and QN2 in each 
drain inter-electrode of the PM0S transistor QP 11 and the NM0S 
transistor QN12, the PM0S transistor QP 21, and the NM0S transistor QN22. 
[0252] In addition, the gate voltage of the NM0S transistors MN15, MN16, 
MN25, MN26, QN1, and QN2 is fixed to direct current voltage VGG. 
[0253] The purpose of these NM0S transistors is reduction of leakage 
current. That is, BTBT(Band to band tunneling) TAT (Trap Assisted 
Tunneling), and the impact ionization (Impact Ionization) and SRH 
(Schockley-Read-hall process) to which the leakage current of M0SFET 
originates in the high electric field in a drain edge are the cause. 
[0254] In order to reduce leakage current, the drain electrical 
potential difference given to the NM0S transistors MN12 and MN15 can be 
reduced by inserting the NM0S transistor MN15 in the drain inter- 
electrode of the PM0S transistor MP 11 and the NM0S transistor MN12, and 
setting the gate voltage of the NMOS transistor MN15 as predetermined 
direct current voltage (here electrical potential difference VGG) that 
what is necessary is just to reduce the electric field of a drain edge. 
[0255] For example, an electrical potential difference VGG is set as VDD 
/ 2+Vthn (threshold electrical potential difference of the NMOS 
transistor MN15), and it gives so that the NMOS transistor MN15 may 
always be made into an ON state. Then, when the NMOS transistor MN12 is 
turned on, it doubles with the NMOS transistor MN15. It will be in the 
condition that two resistance was connected to the serial. A resisted 
part Since the stress electrical potential difference (drain electrical 
potential difference VDD) which joins the NMOS transistors MN12 and MN15 



comparatively more becomes equal, When not inserting the NMOS transistor 
MN15, compared with the leakage current only in the case of the NMOS 
transistor MN12, the total leakage current of MN12 and MN15 can be 
reduced sharply, and can reduce power consumption. 
[0256] In addition, although having set the electrical potential 
difference VGG to VDD/2+Vthn is based on knowledge that the stress 
electrical potential difference which joins the NMOS transistors MN12 
and MN15 by this setup becomes min equally, if power consumption is 
reduced in operation, it will not be limited to this electrical 
potential difference. 

[0257] The above effectiveness is the same also in the NMOS transistors 
MN16, MN25, and MN26. 

[0258] Moreover, also with the NMOS transistors QN1 and QN2 inserted in 
each drain inter-electrode of the PMOS transistor QP 11 and the NMOS 
transistor QN12, the PMOS transistor QP 21, and the NMOS transistor QN22, 
leakage current can be reduced sharply and power consumption can be 
reduced. 

[0259] Moreover, although it assumed that a bidirectional current flowed 
to the bit line of a MRAM eel array at the time of the writing of data, 
and the current of an one direction flowed to a word line, the current 
of an one direction flows to a bit line, and you may make it a 
bidirectional current flow to a word line in the above explanation. 
[0260] Moreover, a component with ON / off properties, such as M0SFET, 
TFT (Thin Film Transistor), and a bipolar transistor, may be used 
instead of the pn junction diode of a MRAM cel. 

[0261] MRAM concerning the gestalt 3 of operation of <gestalt 3 of C. 
operation) description of gestalt of this operation) this invention is 
characterized by dividing the word line or bit line of a MRAM eel array 
into two or more sub word lines or sub bit lines. 
[0262] That is, if the cross section of 1 and wiring is set [ the 
resistivity of wiring ] to S for the die length of rho and wiring, the 
wiring resistance R will be given by the formula (9) next. 
[0263] 

[Equation 9] 

SO I 

[0264] Moreover, if the current which flows to wiring is set to I, power 

consumption P will be given by the degree type (10). 

[0265] 

[Equation 10] 



[0266] Therefore, if die-length 1 of wiring is shortened, it turns out 
that power consumption decreases. For example, if wiring is divided into 
two, power consumption will drop to 1/2, and if n division (however, n 
two or more integers) of is done, power consumption can drop to 1/n, can 
be written in in MRAM, and can reduce the power consumption at the time. 
[0267] Moreover, an increment of the number of the memory cell linked to 
the same word line increases load-carrying capacity. Consequently, the 
time delay of the signal which transmits a word line increases, and the 
fault that rapid access is impossible arises. 

[0268] However, in order that the number of the memory cell connected to 
the same wiring by dividing a word line into two or more sub word lines, 
and shortening the die length of wiring may decrease, load-carrying 
capacity is reduced. Consequently, a time delay can be shortened 
compared with the memory apparatus which does not divide a word line, 
and rapid access can be realized. This is the same also in a bit line. 
Hereafter, the concrete configuration of MRAM concerning the gestalt 3 
of operation of this invention is explained. 

[0269] A block diagram shows the configuration of MRAM400 which divided 
the word line into <division <C-1-1. equipment configuration) of C-l. 
word line) drawing 34 . As shown in drawing 34 , MRAM400 has two or more 
MRAM eel arrays 66. 

[0270] The 2nd control circuit RRW2 of line read-out / writing connected 
to the 1st control circuit RRW1 of line read-out / writing and the 2nd 
edge at which each MRAM eel array 66 was connected to the 1st edge of 
two or more word lines 64, It has the 2nd control circuit CRW2 of train 
read-out / writing connected to the 1st control circuit CRW1 of train 
read-out / writing and the 2nd edge which were connected to the 1st edge 
of two or more bit lines 69. 

[0271] In addition, although each above-mentioned control circuit 
presupposes that it is the same as that of MRAM 100-300 explained in the 
gestalt 2 of operation and the same sign is attached, it is not limited 
to these. 

[0272] And corresponding to each MRAM eel array 66, two or more 
arrangement of the memory cell array selection line 70 connected to the 
train decoder which is not illustrated is carried out. 
[0273] Moreover, the main word line 67 is connected to the output of two 
or more AND gates 62 which constitute a line decoder, respectively. In 
addition, the number of the main word line 67 is in agreement with the 



number of the word line of each MRAM eel array 66. 

[0274] The AND gate 61 of 2 inputs which consider the memory cell array 
selection line 70 and the main word line 67 as an input is connected to 
the intersection of two or more memory cell array selection lines 70 and 
two or more main word lines 67, respectively, and the output is 
connected to the sub word line 64 through the 1st control circuit RRW1 
of line read-out / writing. This sub word line 64 turns into a word line 
of each MRAM eel array 66. 

[0275] Actuation of MRAM400 is explained below <C-l-2. equipment 
actuation). For example, if one of the memory cell array selection lines 
70 and one of the main word lines 67 are activated, the AND gate 61 
connected to the activated memory cell array selection line 70 and the 
activated main word line 67 will activate the sub word line 64 connected 
to the output. 

[0276] In this case, since the activated main word line 67 is not 
directly connected to a MRAM eel, the capacity of the MRAM eel which 
constitutes the MRAM eel array 66 is not contained in that capacity. 
Therefore, compared with the configuration which chooses a MRAM eel with 
one word line over two or more MRAM eel arrays, the capacity contained 
in a word line decreases sharply. 

[0277] Furthermore, as for the sub word line 64 which crosses one MRAM 
eel array 66, with constituting so short that the delay (CR delay) 
resulting from capacity and resistance being disregarded, MRAM400 can 
essentially reduce the time amount which chooses a specific MRAM eel, 
and can raise the working speed of MRAM. 

[0278] The capacity of a MRAM eel is explained here. As an example, the 
case where a MRAM eel consists of series connection of MTJ (magnetic 
tunnel junction) and pn junction diode is assumed. 

[0279] In this case, the MRAM eel capacity CM turns into the capacity 
CTMR of MTJ, and capacity which connected the junction capacitance CD of 
pn junction diode to the serial, as shown in the following formulas (11). 
[0280] 

[Equation 11] 



[0281] In MRAM400 shown in drawing 34 , since only the MRAM eel linked 
to the sub word line 64 in the selected MRAM eel array 66 is accessed, 
compared with the configuration which does not divide a word line, the 
current which flows between the sub word line 64 and bit lines 69 can 
decrease in proportion to the inverse number of the number of a MRAM eel 
array, and can reduce power consumption. 



[0282] In addition, as a logic gate which controls the sub word line 64 
in MRAM400, although the AND gate is used Even if it uses other logic 
gates, such as not the thing limited to the AND gate but a NAND gate, 
the NOR gate, and an XOR gate The same effectiveness as MRAM400 is done 
so in inputting into the above-mentioned logic gate combining the logic 
showing "High" of the memory cell array selection line 70 and the main 
word line 67, or "Low", and its reverse logic ("Low" or "High"). Here, 
it is equivalent to any [ the high price of each signal level, or ] of a 
low value they are with "High" of logic, and "Low. " 
[0283] A block diagram shows the configuration of MRAM500 which 
hierarchized the word line to <hierarchization <C-2~1. equipment 
configuration of C-2. word line> drawing 35 . MRAM500 is equipped with 
n memory cell array groups 861~86n constituted by having m MRAM eel 
arrays 85 as shown in drawing 35 . 

[0284] If the memory cell array group 861 is taken for an example, each 
MRAM eel array 85 The 2nd control circuit RRW2 of line read-out / 
writing connected to the 1st control circuit RRW1 of line read-out / 
writing and the 2nd edge which were connected to the 1st edge of two or 
more word lines 83, It has the 2nd control circuit CRW2 of train read- 
out / writing connected to the 1st control circuit CRW1 of train read- 
out / writing and the 2nd edge which were connected to the 1st edge of 
two or more bit lines 89. 

[0285] And corresponding to each MRAM eel array 85, m memory cell array 
selection lines 911-91m connected to the train decoder which is not 
illustrated are arranged. 

[0286] Moreover, the main word line 84 is connected to the output of two 
or more AND gates (subglobal decoder) 81, respectively. In addition, the 
number of the main word line 84 is in agreement with the number of the 
word line of each MRAM eel array 85. 

[0287] The AND gate (local line decoder) 82 of 2 inputs which consider 
one of the main word lines 84 as an input with memory cell array 
selection lines [ 911-91m ] any they are is connected to the 
intersection of the memory cell array selection lines 911-91m and two or 
more main word lines 84, respectively, and the output is connected to 
the sub word line 83 through the 1st control circuit RRW1 of line read- 
out / writing. This sub word line 83 turns into a word line of each MRAM 
eel array 85. 

[0288] Moreover, it connects with the memory cell array group-selection 
line 901 of two or more subglobal decoders 81 in which all the 1st input 
was arranged corresponding to the memory cell array group 861 in common. 
[0289] And each of the 2nd input is connected to the output of the Maine 



global decoder 80 through the global word line 87 of two or more 
subglobal decoders 81 connected to the output of two or more AND gates 
(Maine global decoder) 80. 

[0290] The memory cell array group-selection lines 901-90n are wiring 
which is different in the global word line 87, and both are arranged so 
that it may cross. 

[0291] In addition, other memory cell array groups have the same 
configuration as the memory cell array group 861, it connects with two 
or more subglobal decoders 81, respectively, and each subglobal decoders 
81 of two or more are also connected to the memory cell array group- 
selection line. 

[0292] That is, corresponding to memory cell array groups [ 861~86n ] 
each, the memory cell array group-selection lines 901-90n are arranged, 
and the 2nd input of two or more subglobal decoders 81 connected to the 
memory cell array groups 861-86n, respectively is connected to the 
output of two or more Maine global decoders 80 through the global word 
line 87, respectively. 

[0293] In addition, two or more Maine global decoders 80 are connected 
to the address signal track group 88. 

[0294] Actuation of MRAM500 is explained below <C-2-2. equipment 
actuation). It is chosen by the memory cell array group-selection lines 
901-90n any they are, and two or more MRAM eel arrays 85 in 861~86n of 
memory cell array groups are chosen for the memory cell array groups 
861-86n by the memory cell array selection lines 911-91m. 
[0295] If actuation of the memory cell array groups 861-86n is the same 
as that of MRAM400 explained using drawing 34 , for example, one of the 
memory cell array selection line 911 and the main word lines 84 is 
activated, the AND gate 82 connected to the activated memory cell array 
selection line 911 and the main word line 84 will activate the sub word 
line 83 connected to the output. 

[0296] In this case, since the capacity of the MRAM eel which 
constitutes the MRAM eel array 85 is not contained in the capacity of 
the activated main word line 84, compared with the conventional MRAM 
which had chosen the MRAM eel with one word line over two or more MRAM 
eel arrays, the capacity contained in a word line decreases sharply. 
[0297] Moreover, for example, if one of the memory cell array group- 
selection line 901 and the global word lines 87 is activated, the AND 
gate 81 connected to the activated memory cell array group-selection 
line 901 and the global word line 87 will activate the main word line 84 
connected to the output. 

[0298] In this case, since the capacity of the MRAM eel array 85 which 



constitutes the memory cell array groups 861-86n is not contained in the 
capacity of the activated global word line 87, compared with the 
configuration which chooses a MRAM eel with one word line over two or 
more memory cell array groups, the capacity contained in a word line 
decreases sharply. 

[0299] Therefore, compared with the conventional MRAM which does not 
hierarchize a word line, the current which flows between a word line 83 
and bit lines 89 can decrease in proportion to the inverse number of the 
number of a memory cell array group, and it not only decreases in 
proportion to the inverse number of the number of a MRAM eel array, but 
it can reduce power consumption. 

[0300] An example of the whole MRAM configuration with which the word 
line was hierarchized by <MRAM whole configuration by which C-2-3. word 
line was hierarchized) drawing 36 is shown. In drawing 36 , MRAM 
equipped with four memory cell array groups 861-864 constituted by 
having four MRAM eel arrays 851-854 is shown, and four memory cell array 
group-selection lines 901-904 are arranged corresponding to each of four 
memory cell array groups 861-864. Moreover, in each memory cell array 
group, four memory cell array selection lines 911-914 are arranged 
corresponding to four MRAM eel arrays 851-854. 

[0301] In addition, in drawing 36 , each configuration of MRAM eel array 
85 grade is expressed with a simple block, and shows typically each 
wiring path of global word line 87 grade by the arrow head. Drawing 36 
shows that the so-called word line is hierarchized. 

[0302] A block diagram shows the configuration of MRAM600 which divided 
the bit line into <division <03-l. equipment configuration) of C-3. bit 
line) drawing 37 . As shown in drawing 37 , MRAM600 has two or more MRAM 
eel arrays 166. 

[0303] The 2nd control circuit RRW2 of line read-out / writing connected 
to the 1st control circuit RRW1 of line read-out / writing and the 2nd 
edge at which each MRAM eel array 166 was connected to the 1st edge of 
two or more word lines 160, It has the 2nd control circuit CRW2 of train 
read-out / writing connected to the 1st control circuit CRW1 of train 
read-out / writing and the 2nd edge which were connected to the 1st edge 
of two or more bit lines 164. 

[0304] In addition, although the above-mentioned control circuit 
presupposes that it is the same as that of MRAM 100-300 explained in the 
gestalt 2 of operation and the same sign is attached, it is not limited 
to these. 

[0305] And corresponding to each MRAM eel array 166, two or more 
arrangement of the memory cell array selection line 170 connected to the 



line decoder which is not illustrated is carried out. 
[0306] Moreover, the Maine bit line 167 is connected to the output of 
two or more AND gates 162 which constitute a train decoder, respectively. 
In addition, the number of the Maine bit line 167 is in agreement with 
the number of the bit line of each MRAM eel array 166. 
[0307] NAND gate 161 of 2 inputs which consider the memory cell array 
selection line 170 and the Maine bit line 167 as an input is connected 
to the intersection of two or more memory cell array selection lines 170 
and two or more Maine bit lines 167, respectively, and the output is 
connected to the sub bit line 164 through the 1st control circuit CRW1 
of train read-out / writing. The ** sub bit line 164 turns into a bit 
line of each MRAM eel array 166. 

[0308] Actuation of MRAM600 is explained below <C-3-2. equipment 
actuation). For example, if one of the memory cell array selection lines 
170 and one of the Maine bit lines 167 are activated, NAND gate 161 
connected to the activated memory cell array selection line 170 and the 
activated Maine bit line 167 will activate the sub bit line 164 
connected to the output. 

[0309] In this case, since the activated Maine bit line 167 is not 
directly connected to a MRAM eel, the capacity of the MRAM eel which 
constitutes the MRAM eel array 166 is not contained in that capacity. 
Therefore, compared with the configuration which chooses a MRAM eel with 
one bit line over two or more MRAM eel arrays, the capacity contained in 
a bit line decreases sharply. 

[0310] Furthermore, since the sub bit line 164 which crosses one MRAM 
eel array 166 can be done so short that the delay (CR delay) resulting 
from capacity and resistance can be disregarded, MRAM600 can essentially 
reduce the time amount which chooses a specific MRAM eel, and can raise 
the working speed of MRAM. 

[0311] Although the overlapping explanation is omitted since the 
capacity of a MRAM eel is explained using a formula (11) Since only the 
MRAM eel which has connected with the sub bit line 164 in the selected 
MRAM eel array 166 in MRAM600 shown in drawing 37 is accessed Compared 
with the configuration which does not divide a bit line, the current 
which flows between the sub bit line 164 and word lines 169 can decrease 
in proportion to the inverse number of the number of a MRAM eel array, 
and can reduce power consumption. 

[0312] In addition, as a logic gate which controls the sub bit line 164 
in MRAM600, although the NAND gate is used Even if it uses other logic 
gates, such as not the thing limited to a NAND gate but the AND gate, 
the NOR gate, and an XOR gate The same effectiveness as MRAM600 is done 



so in inputting into the above-mentioned logic gate combining the logic 
showing "High" of the memory cell array selection line 170 and the Maine 
bit line 167, or "Low", and its reverse logic ("Low" or "High"). Here, 
it is equivalent to any [ the high price of each signal level, or ] of a 
low value they are with "High" of logic, and "Low. " 
[0313] A block diagram shows the configuration of MRAM700 which 
hierarchized the bit line to <hierarchization <C-4~1. equipment 
configuration) of C-4. bit line) drawing 38 . MRAM700 is equipped with n 
memory cell array groups 1861-186n constituted by having m MRAM eel 
arrays 185 as shown in drawing 38 . 

[0314] If the memory cell array group 1861 is taken for an example, each 
MRAM eel array 185 The 2nd control circuit RRW2 of line read-out / 
writing connected to the 1st control circuit RRW1 of line read-out / 
writing and the 2nd edge which were connected to the 1st edge of two or 
more word lines 189, It has the 2nd control circuit CRW2 of train read- 
out / writing connected to the 1st control circuit CRW1 of train read- 
out / writing and the 2nd edge which were connected to the 1st edge of 
two or more bit lines 183. 

[0315] And corresponding to each MRAM eel array 185, m memory cell array 
selection lines 1911-191m connected to the line decoder which is not 
illustrated are arranged. 

[0316] Moreover, the Maine bit line 184 is connected to the output of 
two or more AND gates (subglobal decoder) 181, respectively. In addition, 
the number of the Maine bit line 184 is in agreement with the number of 
the bit line of each MRAM eel array 185. 

[0317] The AND gate (local train decoder) 182 of 2 inputs which consider 
one of the Maine bit lines 184 as an input with memory cell array 
selection lines [ 1911-191m ] any they are is connected to the 
intersection of the memory cell array selection lines 1911-191m and two 
or more Maine bit lines 184, respectively, and the output is connected 
to the sub bit line 183 through the 1st control circuit CRW1 of train 
read-out / writing. This sub bit line 183 turns into a word line of each 
MRAM eel array 185. 

[0318] Moreover, it connects with the memory cell array group-selection 
line 1901 of two or more subglobal decoders 181 in which all the 1st 
input was arranged corresponding to the memory cell array group 1861 in 
common. 

[0319] And each of the 2nd input is connected to the output of the Maine 
global decoder 180 through the global bit 1 ine 187 of two or more 
subglobal decoders 181 connected to the output of two or more AND gates 
(Maine global decoder) 180. 



[0320] The memory cell array group-selection lines 1901-190n are wiring 
which is different in the global bit line 187, and both are arranged so 
that it may cross. 

[0321] In addition, other memory cell array groups have the same 
configuration as the memory cell array group 1861, it connects with two 
or more subglobal decoders 181, respectively, and each subglobal 
decoders 181 of two or more are also connected to the memory cell array 
group-selection line. 

[0322] That is, corresponding to memory cell array groups [ 1861-186n ] 
each, the memory cell array group-selection lines 1901-190n are arranged, 
and the 2nd input of two or more subglobal decoders 181 connected to the 
memory cell array groups 1861-186n, respectively is connected to the 
output of two or more Maine global decoders 180 through the global bit 
line 187, respectively. 

[0323] In addition, two or more Maine global decoders 180 are connected 
to the address signal track group 188. 

[0324] Actuation of MRAM700 is explained below <C~4~2. equipment 
actuation). It is chosen by the memory cell array group-selection lines 
1901-190n any they are, and two or more MRAM eel arrays 185 in 1861-186n 
of memory cell array groups are chosen for the memory cell array groups 
1861-186n by the memory cell array selection lines 1911-191m. 
[0325] If actuation of the memory cell array groups 1861-186n is the 
same as that of MRAM600 explained using drawing 37 , for example, one of 
the memory cell array selection line 1911 and the Maine bit lines 184 is 
activated, the AND gate 182 connected to the activated memory cell array 
selection line 1911 and the Maine bit line 184 will activate the sub bit 
line 183 connected to the output. 

[0326] In this case, since the capacity of the MRAM eel which 
constitutes the MRAM eel array 185 is not contained in the capacity of 
the activated Maine bit line 184, compared with the conventional MRAM 
which had chosen the MRAM eel with one bit line over two or more MRAM 
eel arrays, the capacity contained in a bit line decreases sharply. 
[0327] Moreover, for example, if one of the memory cell array group- 
selection line 1901 and the global bit lines 187 is activated, the AND 
gate 181 connected to the activated memory cell array group-selection 
line 1901 and the global bit line 187 will activate the Maine bit line 
184 connected to the output. 

[0328] In this case, since the capacity of the MRAM eel array 185 which 
constitutes the memory cell array groups 1861-186n is not contained in 
the capacity of the activated global bit line 187, compared with the 
configuration which chooses a MRAM eel with one bit line over two or 



more memory cell array groups, the capacity contained in a bit line 
decreases sharply. 

[0329] Therefore, compared with the conventional MRAM which does not 
hierarchize a bit line, the current which flows between a bit line 183 
and word lines 189 can decrease in proportion to the inverse number of 
the number of a memory cell array group, and it not only decreases in 
proportion to the inverse number of the number of a MRAM eel array, but 
it can reduce power consumption. 

[0330] In addition, although the example which set in the gestalt 3 of 
the operation explained above, and was divided and hierarchized about 
each of a word line and a bit line was explained, it is good also as a 
configuration which hierarchized both the configuration which combined 
these and divided both the word line and the bit line or the word line, 
and the bit line. By taking such a configuration, reduction of the 
further power consumption and the working speed of MRAM can be raised 
further. 

[0331] MRAM concerning the gestalt 4 of operation of <gestalt 4 of D. 
operation) description of gestalt of this operation) this invention is 
characterized by package-eliminating or package writing in the stored 
data of two or more MRAM eels using the field generated in the inductor. 
[0332] <D-1. equipment configuration) drawing 39 is the perspective view 
showing the configuration of MRAM800 concerning the gestalt 4 of 
operation of this invention. In drawing 39 , bit lines 4, 5, and 6 are 
arranged in parallel mutually, the MRAM eel MC is formed in each 
intersection across which it faces with a word line and a bit line, and 
the MRAM eel array MCA 1 is constituted so that it may cross in the 
upper part of the word lines 1, 2, and 3 arranged in parallel mutually. 
[0333] Although the explanation which explains the configuration of the 
MRAM eel MC using drawing 1 , and overlaps is omitted, the direction of 
the easy axis of the software ferromagnetic layer which constitutes the 
MRAM eel MC is the extension direction of each word line so that it may 

[0334] And the coiled form inductor ID is arranged so that the MRAM eel 
array MCA 1 may be surrounded. 

[0335] Inductor ID connects metal wiring to a coiled form, is 
constituted, and is rolled about along the direction where word lines 1- 
3 extend. 

[0336] And it connects with the inductor drive circuit (not shown) which 
can pass a current bidirectionally, and the both ends of Inductor ID 
have the composition that the direction of the field generated to the 
field surrounded by Inductor ID can be changed by changing the sense of 



the current passed to Inductor ID. In addition, the field generated by 
Inductor ID is mostly in agreement in the direction of the easy axis of 
the software ferromagnetic layer which constitutes the MRAM eel MC where 
word lines 1-3 extend, i.e., the direction. 

[0337] Therefore, when performing package elimination or the package 
writing of data to two or more MRAM eels MC of the MRAM eel array MCA 1, 
the directions of the spin of a software ferromagnetic layer can be 
changed in the predetermined direction for a current all at once from an 
inductor drive circuit at Inductor ID by the sink and the field to 
generate. 

[0338] in addition, in drawing 39 , for convenience, although the memory 
cell array of three-line three trains is shown, the size of a row and 
column is not the thing of explanation limited to this — there is 
nothing. 

[0339] moreover, Inductor ID, word lines 1-3, a bit line 4-6 grades — 
each — a conductor — between lines, although the gas or the solid 
insulator is arranged, by drawing 39 , the display is omitted for 
convenience. 

[0340] Moreover, in drawing 39 , for convenience, although the pitch of 
the winding of Inductor ID is shown more greatly than the pitch of the 
MRAM eel array MCA 1, it is not the thing of explanation limited to this. 
[0341] Moreover, what is necessary is to be the configuration of having 
the double MAG tunnel junction which especially limitation does not have 
in the configuration of the MRAM eel MC, for example, was explained 
using drawing 30 , and just to have at least one magnetic tunnel 
junction. For example, the memory cell which carried out the loop 
formation of the magnetic flux to at least one magnetic tunnel junction 
by static magnetism association, and was equipped with the magnetic 
substance / non-magnetic material / magnetic-substance structure is 
sufficient. 

[0342] Moreover, an inductor does not need to be a coiled form if the 
field which is in agreement in the direction of the easy axis of a 
software ferromagnetic layer can be generated. 

[0343] drawing 40 which is a sectional view in the A-A line in drawing 
39 here - drawing 42 — using — ****** explanation of MRAM800 of 
operation — it carries out. In addition, a different pitch from drawing 
39 of explanation shows the winding pitch of Inductor ID for convenience. 
[0344] Drawing 40 shows an example of the condition before package 
elimination. As shown in drawing 40 , the MRAM eel MC has the 
configuration by which the magnetic tunnel junction (MTJ) was arranged 
in the upper part of the pn junction diode PN. And the direction of the 



spin of the software ferromagnetic layer 22 which constitutes the MRAM 
eel MC of the lower part of a bit line 5 has turned to the left toward 
drawing, and the direction of the spin of other MRAM eels MC has turned 
to the right. And Inductor ID is grounded in the state of standby of the 
condition ID which does not carry out package elimination actuation and 
package write-in actuation, i. e. , an inductor. The effectiveness of 
intercepting an external noise and protecting the MRAM eel array MCA 1 
by this is done so. 

[0345] Drawing 41 shows an example of the condition of package 
elimination. If the signal of package elimination is inputted into an 
inductor drive circuit, a rightward field will occur so that the current 
of the 1st direction may flow and **** to Inductor ID. That the field 
inside an inductor leaks to the exterior decreases, and a field can be 
efficiently generated, so that the pitch of Inductor ID is narrow at 
this time. 

[0346] Here, if the direction of the spin showing elimination is made 
into facing the right in drawing, the spin of the software ferromagnetic 
layer 22 of all the MRAM eels MC will turn [ coincidence ] to right-hand 
side, and package elimination of the data will be carried out by the 
field of the right generated inside the inductor. 

[0347] Drawing 42 shows an example of the condition of package writing. 
If the signal of package writing is inputted into an inductor drive 
circuit, a leftward field will occur so that a current may flow and **** 
in the 2nd direction opposite to the 1st direction to Inductor ID. 
[0348] Here, if the direction of the spin showing writing is made into 
the facing the left in drawing, by the field of the left generated 
inside the inductor, the spin of the software ferromagnetic layer 22 of 
all the MRAM eels MC will turn [ coincidence ] to the left, data will 
bundle up, and it will be written in. 

[0349] The <D~2. operation effectiveness) When package elimination or 
the same data is put in block and it writes in the stored data of two or 
more MRAM eels, time amount is taken by the approach of choosing the 
address in detail, and eliminating or writing in stored data with a word 
line and a bit line, and power consumption is also large. 
[0350] On the other hand, since package elimination or the package 
writing of the data of two or more MRAM eels can be carried out, it can 
process in a short time and a field is efficiently generated by Inductor 
ID, there is also little power consumption and it can be managed with 
MRAM by the gestalt of this operation. 

[0351] <D-3. modification) In order to package-eliminate or package 
write in the stored data of two or more MRAM eels, the configuration of 



those other than an inductor can also be taken. 

[0352] The flat-surface configuration of MRAM900 is shown in drawing 43 
as a modification of the gestalt 4 of this operation. In addition, in 
drawing 43 , for convenience, although the MRAM eel array MCA 2 of four- 
line four trains is shown, the size of a row and column is not the thing 
of explanation limited to this. 

[0353] As shown in drawing 43 , the flash plate bit line FBL and the 
flash plate word line FWL for batch processing of data are arranged in 
the upper and lower sides of the MRAM eel array MCA 2. 
[0354] The flash plate bit line FBL and the flash plate word line FWL 
are formed corresponding to the field whole region where two or more bit 
lines BL1 and word lines WL1 were arranged, respectively, and the plane 
view configuration has all become rectangle-like in drawing 43 . 
[0355] It has the composition that a bit line BL1 crosses in the upper 
part of a word line WL1 in drawing 43 , and the MRAM eel MC is arranged 
between the both lines of the intersection of a word line WL1 and a bit 
line BL1. 

[0356] And the flash plate word line FWL is arranged by the lower part 
of a word line WL1, and the flash plate bit line FBL is arranged in the 
upper part of a bit line BL1. In addition, in drawing 43 , the topmost 
flash plate bit line FBL is deleted partially for convenience, and is 
shown. 

[0357] It can set to drawing 43 and the cross-section configuration in 
an A-A line and a B-B line is shown in drawing 44 and drawing 45 , 
respectively. 

[0358] As shown in drawing 45 , the MRAM eel MC has the configuration by 
which the magnetic tunnel junction (MTJ) was arranged in the upper part 
of the pn junction diode PN. 

[0359] Thus, up and down, the flash plate bit line FBL and the flash 
plate word line FWL are arranged, on the occasion of package elimination 
or package writing, it is the thing of the MRAM eel array MCA 2 for 
which the current of the predetermined direction is passed to the flash 
plate bit line FBL and the flash plate word line FWL, and package 
elimination or package writing can be realized by turning the spin of 
the software ferromagnetic layer of all the MRAM eels MC in the same 
direction as coincidence. 

[0360] In addition, what is necessary is just to make the direction of 
the current passed for package elimination or package writing the same 
as a bit line BL and the direction of a current passed word line WL in 
the flash plate bit line FBL and the flash plate word line FWL, in case 
elimination or the writing of data is separately performed in the MRAM 



eel MC. 

[0361] In addition, for the flash plate bit line FBL and the flash plate 
word line FWL, you may have both and only one of the two is. Namely, 
since the field to generate is proportional to the magnitude of a 
current, if many currents are passed, at least one side is possible for 
reversal of spin. 

[0362] In addition, total of the current which needs the direction which 
generates the field of the same magnitude by the both line to reverse 
spin can be small performed using both the flash plate bit line FBL and 
the flash plate word line FWL. 

[0363] Moreover, at the time of standby of the condition FBL which does 
not carry out package elimination actuation and package write-in 
actuation, i. e. , a flash plate bit line, and the flash plate word line 
FWL, the noise resulting from an external field and electric field is 
covered by grounding the flash plate bit line FBL and the flash plate 
word line FWL, and the effectiveness of protecting the MRAM eel array 
MCA 2 is done so. 

[0364] In addition, in MRAM900 explained above, although the 
configuration which has one MRAM eel array MCA 2 was shown, a MRAM eel 
array is applicable also in the configuration which it has. It is shown 
in drawing 46 , using the configuration concerned as MRAM900A. 
[0365] As shown in drawing 46 , in MRAM900A, two or more MRAM eel arrays 
MCA 2 are arranged in the shape of a matrix, and the global flash plate 
bit line GBL and the global flash plate word line GWL for batch 
processing of data are arranged in the upper and lower sides of the 
array of the MRAM eel array MCA 2 in the shape of a matrix so that it 
may correspond to the array of the MRAM eel array MCA 2. 
[0366] Although the global flash plate bit line GBL and the global flash 
plate word line GWL have the same function as the flash plate bit line 
FBL and the flash plate word line FWL which are shown in drawing 43 and 
omit explanation, since it is used common to two or more MRAM eel arrays 
MCA 2, they have changed the name. 

[0367] In addition, the 1st control circuit RRW1 of line read-out / 
writing explained in drawing 27 , drawing 31 , and drawing 33 , the 2nd 
control circuit RRW2 of line read-out / writing and the 1st control 
circuit CRW1 of train read-out / writing, and the 2nd control circuit 
CRW2 of train read-out / writing may be used for the control circuit of 
the flash plate bit line FBL explained above and the flash plate word 
line FWL, the global flash plate bit line GBL, and the global flash 
plate word line GWL. 

[0368] Moreover, it sets like MRAM900A shown in drawing 46 in the 



configuration which has two or more MRAM eel arrays MCA 2. Since a 
current may flow also in the MRAM eel array MCA 2 of not choosing in the 
same train as the MRAM eel array MCA 2 set as the object of package 
elimination or package writing, and the same line The divided word line 
which was explained using drawing 34 - drawing 38 in order to reduce the 
consumed electric current, The technical thought of the divided bit line, 
the hierarchized word line, and the hierarchized bit line may be applied 
to the global flash plate bit line GBL and the global flash plate word 
line GWL. 

[0369] Using LC resonance of an inductor and a capacitor, MRAM 
concerning the gestalt 5 of operation of <gestalt 5 of E. operation) 
description of gestalt of this operation) this invention recycles a 
current, and is characterized by using for rewriting of at least 1 times 
or more of stored data. 

[0370] <E-1. equipment configuration) drawing 47 is drawing showing the 
flat-surface configuration of MRAM1000 concerning the gestalt 5 of 
operation of this invention. A multiplexer MUX1 is connected to the 1st 
edge of two or more bit lines BL1 of the MRAM eel array MCA 3 in drawing 
47 , and the multiplexer MUX2 is connected to the 2nd edge. Moreover, 
the drain electrical potential difference VDD is given to the 1st edge 
of two or more word lines WL1, and the NMOS transistor QN1 is connected 
to each 2nd edge of two or more word lines WL1. 

[0371] Moreover, two or more NMOS transistors QM1 prepared corresponding 
to the number of two or more bit lines BL1 are connected to a 
multiplexer MUX1, and the capacitor CP 1 is connected to the source 
electrode of each NMOS transistor QM1. 

[0372] Moreover, the multiplexer MUX2 is constituted so that one 
inductor ID 1 may be connected to two bit lines BL1, and the inductor ID 
1 of the number equivalent to the one half of the total of two or more 
bit lines BL1 is connected to the multiplexer MUX2 as a result. 
[0373] In addition, although the train decoder explained using drawing 
26 , the line decoder, and the control circuit are connected to the bit 
line BL1 and the word line WL1, since they have thin relation with the 
gestalt of this operation and are simplification of explanation, 
illustration and explanation are omitted. 

[0374] <E-2. equipment actuation), next actuation of MRAM1000 are 

explained. In addition, the sign of BLla and BLlb may be attached and 

distinguished to a bit line BL1 for convenience below. 

[0375] First, the word line WL1 including the selection address is 

chosen, and a direct current IDC flows to the selection word line WL1 

concerned. 



[0376] Next, the bit line BL1 including the selection address is chosen 
by the multiplexer MUX1, and writes in via the subdevice-bit line BLla 
concerned, and a current II flows into a multiplexer MUX2. In this case, 
the inductor ID 1 connected to subdevice-bit line BLla is chosen by the 
multiplexer MUX2, and the energy of the write-in current II is saved as 
a magnetic field in an inductor ID 1. 

[0377] If another bit line BL1 connected to the above-mentioned inductor 
ID 1 is chosen by the multiplexer MUX2, the write-in current II which 
flowed can flow to the subdevice-bit line BLlb concerned, and can reuse 
an inductor ID 1 as a current 12. 

[0378] This current 12 is stored in the vacant capacitor CP 1 as a 
charge via a multiplexer MUX1, and can be theoretically written in any 
number of times by connecting multiplexers MUX1 and MUX2 suitably again. 
[0379] In addition, according to are recording of the charge to a 
capacitor CP 1, and the timing of emission of the charge from a 
capacitor CP 1, on-off control of two or more NMOS transistors QM1 is 
carried out, and on-off control of two or more NMOS transistors QN1 is 
carried out to a word line WL1 according to the timing which passes a 
direct current IDC. 

[0380] As explained beyond the <E~3. operation effectiveness>, the power 
consumption at the time of writing can be reduced by recycling the 
write-in current in a bit line BL1 using LC resonance of an inductor ID 
1 and a capacitor CP 1. 

[0381] As a modification of the gestalt of <E-4. modification) book 
operation, the flat-surface configuration of MRAM1100 is shown in 
drawing 48 . In MRAM1100, in addition to the configuration of MRAM1000 
shown in drawing 47 , a multiplexer MUX3 is connected to the 1st edge of 
two or more word lines WL1 of the MRAM eel array MCA 3, and the 
multiplexer MUX4 is connected to the 2nd edge. 

[0382] Moreover, two or more NMOS transistors QN1 prepared corresponding 
to the number of two or more word lines WL1 are connected to a 
multiplexer MUX3, and the capacitor CP 2 is connected to the source 
electrode of each NMOS transistor QN1. 

[0383] Moreover, the multiplexer MUX4 is constituted so that one 
inductor ID 2 may be connected to two word lines WL1, and the inductor 
ID 2 of the number equivalent to the one half of the total of two or 
more bit lines WL1 is connected to the multiplexer MUX4 as a result. 
[0384] In MRAM1100 of such a configuration, the write-in current not 
only in the write-in current in a bit line BL1 but the word line WL1 can 
be recycled using LC resonance of an inductor ID 2 and a capacitor CP 2, 
and the power consumption resulting from consumption of a write-in 



current can be reduced further. 

[0385] In addition, since recycle actuation of an inductor ID 2 and the 
write-in current by LC resonance of a capacitor CP 2 is the same as that 
of it by LC resonance of an inductor ID 1 and a capacitor CP 1, 
explanation is omitted. 

[0386] Moreover, it is compensated by the general current detection mold 
compensating network established in multiplexers MUX1-MUX4 about the 
current consumed in an inductor ID 1 and a capacitor CP 1, an inductor 
ID 2, and a capacitor CP 2. 

[0387] In addition, what is necessary is just to use the spiral inductor 
formed by coiling wiring around a curled form and carrying out a time as 
inductors ID1 and ID2, for example. 

[0388] The configuration shown in drawing 47 and drawing 48 is an 
example, and if it can be written in using LC resonance and recycle of a 
current can be aimed at, it will not be limited to the above-mentioned 
configuration. 

[0389] The magnetic-substance substrate concerning the gestalt 5 of 
operation of <gestalt 6 of F. operation) description of gestalt of this 
operation) this invention is characterized by forming the multilayers 
used as a magnetic tunnel junction (MTJ) on a principal plane beforehand. 
[0390] The cross-section configuration of the magnetic-substance 
substrate concerning the gestalt 5 of the operation of this invention to 
<F-1. substrate configuration) drawing 49 is shown. In drawing 49 , all 
over the principal plane of silicon substrate SB, the insulator layers 
IL 1, such as silicon oxide or a silicon nitride, are arranged, and the 
conductor layer ML1 which serves as a word line or a bit line behind is 
arranged on it. 

[0391] The laminating of the p-type silicon layer SF 2 which has n mold 
silicon layer SF 1 which has comparatively high-concentration n mold 
impurity, and comparatively high-concentration p mold impurity is 
carried out to the upper part of a conductor layer ML1. Two-layer 
[ this ] serves as pn junction diode behind. 

[0392] And the tungsten layer STD which serves as a tungsten stud behind 
is formed in the upper part of the p-type silicon layer SF 2, and the 
multilayers which serve as MTJ behind are arranged on the tungsten layer 
STD. 

[0393] Namely, the template layer TPL which consists of platinum (Pt) 
sequentially from the bottom, The initial ferromagnetic layer IFL (4nm 
of thickness) which consists of permalloys of nickel81Fel9, The 
diamagnetic-material layer AFL (lOnm of thickness) which consists of 
Mn54Fe(s)46, The ferromagnetic layer FFL (8nm of thickness) which 



consists of permalloys of CoFe or nickel81Fel9, It has the contact layer 
CL which consists of software ferromagnetic layers FML and Pt which 
consist of multilayers of CoFe of the tunnel barrier layer TBL which 
consists of aluminum 203, and 2nm of thickness, and nickel81Fel9 of 20nm 
of thickness. 

[0394] Moreover, the conductor layer ML2 used as a word line or a bit 
line is arranged in the upper part of the contact layer CL, and the 
insulator layer IL 2 is arranged in behind as antioxidizing film of a 
metal layer at the topmost part. 

[0395] If such a magnetic-substance substrate is sold, a user can form 
the MRAM eel array MCA 1 as shown in drawing 39 by carrying out 
patterning by argon ion milling, using a photoresist mask. 
[0396] The <F~2. operation effectiveness) A board maker sells the 
magnetic-substance substrate with which the multilayers which serve as 
pn junction diode and MTJ beforehand were formed on the principal plane 
in this way, and it is using the magnetic-substance substrate concerned, 
and a user can prepare a mere silicon substrate, can skip a production 
process compared with the case where multilayers are formed on the 
principal plane, and can reduce a manufacturing cost. 
[0397] The magnetic-substance substrate with which the multilayers used 
as pn junction diode and MTJ were beforehand formed on the principal 
plane of a SOI (Silicon On Insulator) substrate at <F~3. modification) 
drawing 50 is shown. 

[0398] In drawing 50 , it embeds on silicon substrate SB, an oxide film 
BX is arranged, and the SOI layer SI is arranged on the embedding oxide 
film BX. And on the SOI layer SI, the same multilayers as being shown 
drawing 49 are arranged. 

[0399] As explained using drawing 31 and drawing 33 , M0SFET is required 
for MRAM. And since parasitic capacitance can be reduced if M0SFET is 
formed on a SOI layer, the working speed of MOSFET can be made quick and 
the working speed of MRAM can also be made quick as a result. 
[0400] In addition, in the gestalt 6 of the operation explained above, 
although the multilayers used as a magnetic tunnel junction showed the 
configuration deposited on the bulk silicon substrate or the SOI 
substrate and called it the magnetic-substance substrate, the 
multilayers (multilayers of the thin film magnetic substance) used as a 
magnetic tunnel junction may be deposited on a glass substrate or a 
resin substrate, and the class of substrate used as a foundation is not 
limited to a semi-conductor substrate. 

[0401] Therefore, in this invention, the configuration which deposited 
the multilayers of the thin film magnetic substance by using a certain 



substrate as a foundation is called the thin film magnetic-substance 
substrate. 

[0402] MRAM concerning the gestalt 7 of operation of <gestalt 7 of G. 
operation) description of gestalt of this operation) this invention is 
characterized by being formed on various functional block formed on the 
principal plane of a substrate. 

[0403] <G-1. equipment configuration) First, in order to explain a 
difference with the gestalt of this operation, a block diagram shows the 
configuration of the conventional common semiconductor memory to drawing 
51 . 

[0404] In drawing 51 , the train address buffer 31, the train decoder 32, 
train read-out / write-in control circuit 33, the line address buffer 34, 
the line decoder 35, and line read-out / write-in control circuit 36 are 
arranged in the perimeter of the memory cell array 31 as a circumference 
circuit of the memory cell array 31. 

[0405] Moreover, the input output buffer which transmits and receives a 
signal with the equipment exterior as other functional block (1/0 
buffer), The above-mentioned signal is larger than a value of standard, 
or And (overshoot), When small (undershoot), restore to the ESD 
(Electric Static Discharge) circuit 44 returned to a value of standard, 
and the signal modulated, or A signal The function to modulate The 
modulation/demodulator circuit which it has (Modulator/Demodulator) 
Agency of transfer of the data between DSP (Digital Signal Processing) 42 
and the memory cell array 31 which have the function to process 43 and a 
digital signal, and a circumference circuit (data are held temporarily 
or) Perform taking the synchronization of transmission and reception of 
the data between a circumference circuit and the memory cell array 31 
etc. It has the input/output controller (I/O controller 53) which 
controls I/O of the data of the first cache 51 and the second cache 52, 
and the memory cell array 31, and CPU (Micro processor) 41 which performs 
data processing of data. 

[0406] With the conventional semiconductor memory, for example, DRAM, 
SRAM, and EEPR0M, since M0SFET was included in a memory cell array, it 
needed to form on the principal plane of a semi-conductor substrate, and 
the memory cell array was formed as a result on the principal plane 
front face of the same semi-conductor substrate as each functional block. 
[0407] A block diagram shows the configuration of MRAM1200 which starts 
the gestalt 7 of the operation of this invention to drawing 52 here. 
[0408] The MRAM eel array MCA is overlapped and arranged in the upper 
part of the arrangement field of the circumference circuit CAB of the 
MRAM eel array MCA, i.e., a train address buffer, the train decoder CD, 



train read-out / write-in control circuit CRW, the line address buffer 
RAB, the line decoder RD, and the line read-out / write-in control 
circuit RRW in drawing 52 . 

[0409] In addition, since the configuration of a circumference circuit 
is the same as the configuration explained using drawing 26 and it is 
the same as that of the semiconductor memory from the former about other 
functional block, explanation is omitted. 

[0410] Since the <G~2. operation effectiveness) MRAM eel array MCA 
contains only pn junction diode as a semiconductor device excluding 
MOSFET in the interior as explained using drawing 28 , drawing 31 , and 
drawing 33 , a formation field is not limited to the principal plane 
front face of a substrate. 

[0411] Therefore, equipment area is reducible by forming various 
functional block on the principal plane front face of a substrate, and 
forming the MRAM eel array MCA in the upper layer including the 
configuration of those other than the MRAM eel array MCA, i.e., the 
circumference circuit of the MRAM eel array MCA. 

[0412] A block diagram shows the configuration of MRAM1300 to <G-3. 
modification) drawing 53 as a modification of the gestalt of this 
operation. 

[0413] As shown in drawing 53 , the MRAM eel array MCA is overlapped and 
arranged in the whole upper part of the field in which a circumference 
circuit and various functional block were formed in MRAM1300. 
[0414] Thus, while the degree of freedom of selection of the arrangement 
location of the MRAM eel array MCA or magnitude will increase and being 
able to reduce equipment area by forming the MRAM eel array MCA, a 
circumference circuit, and various functional block in a separate layer, 
the selectivity of an equipment layout can also be raised. 
[0415] MRAM concerning the gestalt 8 of operation of <gestalt 8 of H. 
operation) description of gestalt of this operation) this invention is 
characterized by taking the gestalt of MCP (Multi Chip Package) which 
used a MRAM eel array, and the circumference circuit and various 
functional block of a MRAM eel array as the separate semiconductor chip, 
and was contained in one package by using both chips as a module. 
[0416] The maximum formation temperature at the time of manufacture of 
the circumference circuit of a <introduction> MRAM eel array and various 
functional block is about 1000-1200 degrees C, and on the other hand, 
the maximum formation temperature at the time of manufacture of a MRAM 
eel array is decided by Curie temperature, and is about 400-700 degrees 
C. 

[0417] When forming both on the same semi-conductor substrate, in order 



to prevent the fault by the difference in formation temperature, the 
maximum formation temperature forms the MRAM eel array in the wiring 
process which is about 400-700 degrees C. 

[0418] Therefore, in the production process of MRAM, the process became 
sequential, and there was a problem which requires a manufacturing cost. 
[0419] On the other hand, in these days, the MCP structure which 
contained two or more semiconductor chips is being used for one package. 
When it was MRAM of a configuration of the artificer etc. having used a 
MRAM eel array, and the circumference circuit and various functional 
block of a MRAM eel array as the separate semiconductor chip, and having 
contained in one package by using both chips as a module in view of such 
the present condition, the above-mentioned problem reached the 
conclusion with solution, but in order to have obtained MRAM of MCP 
structure actually, it resulted in recognition that it cannot respond to 
MRAM, with the conventional package structure. 

[0420] After explaining the technical problem for realizing MRAM of MCP 
structure hereafter, the configuration of MRAM2000 concerning the 
gestalt 8 of operation is explained. 

[0421] As the mounting approach of the semiconductor chip which contains 
> semiconductor device about the MCP structure of the <H-1. former, 
although QFP (Quad FlatPackage) was used conventionally, there was a 
trouble that a component-side product was large. Then, CSP (Chip Size 
Package) which can be managed with the component-side product of the 
almost same magnitude as a chip area is beginning to be used in recent 
years. Since this mounting approach can be managed with a far small 
component-side product compared with QFP, it is used for LSI for 
cellular phones, DRAM for PC (Personal Computer), etc. 
[0422] A sectional view shows an example of the configuration of 
conventional CSP to drawing 54 . In drawing 54 , a semiconductor chip 
122 is contained inside the package 129 of a cube type, and the bottom 
principal plane of a semiconductor chip 122 is covered with the 
passivation film 123, and is protected from the external environment. 
[0423] The passivation film 123 consists of insulator layers, such as a 
silicon nitride film and an acid silicon nitride film, two or more 
openings are prepared in the passivation film 123, and the chip 
electrode 132 used as the input/output terminal of a semiconductor chip 
122 has composition which penetrates the passivation film 123. 
[0424] As for a package 129, box-like [ of closed-end **** ] is inserted 
in a semiconductor chip 122 from nothing and its opening. Here, finally 
opening of a package 129 is covered by the base substrate 134. The body 
of the base substrate 134 concerned consists of insulating materials, 



such as polyimide resin, and two or more solder bumps 125 for electric 
shielding and the solder bump 127 for signal transmissions are arranged 
in the principal plane which faced the outside. 

[0425] The base substrate 134 has two or more internal wiring 130 and 
131 which connects electrically the solder bump 125 for electric 
shielding, and the solder bump 127 for signal transmissions to an 
internal configuration. 

[0426] The internal wiring 130 and 131 is connected to the carrier film 
124 arranged on the principal plane which turned to each inside the base 
substrate 134. The carrier film 124 has the electric wiring (a pad is 
included) and the glue line 133 which were arranged on the insulating 
film so that it may explain later. The electrical signal from the solder 
bump 127 for signal transmissions is transmitted to a semiconductor chip 
122 through the chip electrode 132 linked to the pad of the internal 
wiring 130 and the carrier film 124. Moreover, a glue line 133 pastes up 
the carrier film 124 and a semiconductor chip 122. In addition, although 
not shown in drawing 54 , the carrier film 124 is pasted up by the glue 
line different also from the base substrate 134. 

[0427] Moreover, in the interior of the base substrate 134, the electric 
shielding electrode 126 which consists of conductors is embedded. The 
plane view configuration of the electric shielding electrode 126 has 
structure with opening which can pass rectangle annular, without nothing 
and the internal wiring 130 contacting the electric shielding electrode 
126. Drawing 54 is a sectional view in the location which cuts opening 
of the electric shielding electrode 126, and the broken line shows the 
opening concerned. 

[0428] It is fixed to power-source potential or touch-down potential 
through the solder bump 125 for electric shielding, and the internal 
wiring 131, and the electric shielding electrode 126 can prevent that 
the internal wiring 130 gathers an external electric noise. 
[0429] Moreover, electric shielding electrode 126b is arranged on the 
upper principal plane of the carrier film 124 so that a semiconductor 
chip 122 may be surrounded. A plane view configuration is a rectangle 
annular plate, it connects with the internal wiring 131 electrically 
through the electric wiring on the carrier film 124, and electric 
shielding electrode 126b is fixed to power-source potential or touch- 
down potential. 

[0430] The stress relaxation film 135 is arranged so that electric 
shielding electrode 126b may be covered. The stress relaxation film 135 
serves to ease the stress between a semiconductor chip 122 and the base 
substrate 134. 



[0431] Although the cross-section configuration of the stress relaxation 
film 135 is originally a rectangle, it is inserted between the edge 
section of a semiconductor chip 122, and the carrier film 124, and while 
deforming, thickness becomes thin partially. That is, although stress 
concentrates on the part pinched by the edge section and the carrier 
film 124 of a semiconductor chip 122, stress is eased because thickness 
becomes thin. 

[0432] Thermoplastic elastomer is used for the stress relaxation film 
135. Although thermoplastic elastomer shows rubber elasticity in 
ordinary temperature, it is the polymeric materials which are 
plasticized at an elevated temperature and can perform various 
fabrication. 

[0433] Moreover, an epoxy resin etc. is used for the binder of a 
semiconductor chip 122 and the stress relaxation film 135. To the 
coefficient of cubical expansion of thermoplastic elastomer being about 
2.7x10-6, the coefficient of cubical expansion of silicon is about 
3. 1x10-6, and since the difference of a coefficient of cubical expansion 
is small, thermal stress can be eased. 

[0434] In the semiconductor package, since there is a trouble of 
internal wiring becoming thin for a long time, and becoming easy to 
gather a noise in order to reconcile increase of the number of terminals, 
and the miniaturization of a package, the electric shielding electrode 

126 and the solder bump 125 for electric shielding are arranged. 
Moreover, the thermal stress between a semiconductor chip 122 and the 
base substrate 134 becomes large, and in order to prevent that the 
dependability of electrical installation falls, the stress relaxation 
film 135 is arranged. 

[0435] The function of the electric shielding electrode 126 is as having 
mentioned above, and the electric shielding electrode 126 is connected 
to the solder bump 125 for electric shielding through the internal 
wiring 131. And the solder bump 125 for electric shielding is arranged 
so that the perimeter of the solder bump 127 for signal transmissions 
may be surrounded, and it has the function to prevent that the internal 
wiring 130 gathers an external electrical noise through the solder bump 

127 for signal transmissions. In addition, although illustration is 
omitted, the solder bump 125 for electric shielding and the solder bump 
127 for signal transmissions are connected to the mother board on which 
wiring was printed. 

[0436] Moreover, in the former, MCP structure was realized only in QFP. 
The cross-section configuration of the MCP structure which used QFP for 
drawing 55 is shown. In drawing 55 , three semiconductor chips 102a, 



102b, and 102c are accumulated and arranged in one package 107, and the 
closure is carried out by resin 106. 

[0437] As an example, semiconductor chips 102a and 102c is [ SRAM and 
semiconductor chip 102b ] flash EEPROMs. 

[0438] The internal wiring 109 connects between each semiconductor chip, 
and the electrical installation with the exterior is made with the 
external lead wire 113 through a bonding wire 112. 

[0439] By considering as such a configuration, more memory space can be 
obtained to the same occupancy area rather than what has only one 
semiconductor chip in one package. So, there is much need to a Personal 
Digital Assistant. 

[0440] However, compared with the chip area, the component-side product 
became large, and QFP had the trouble that external lead wire tends to 
gather a noise. 

[0441] Thus, even if it made it CSP and made it QFP, there were merits 
and demerits, and since it will be necessary in MRAM to prevent further 
that the spin of a software ferromagnetic layer is reversed under the 
effect of an external magnetic field, the configuration of the 
conventional package was not employable as it was. 
[0442] The configuration of MRAM2000 which starts the gestalt 8 of 
operation using drawing 56 - drawing 65 is explained below a <H~2. 
equipment configuration). 

[0443] The flat-surface configuration which looked at the cross-section 
configuration of MRAM2000 to drawing 56 , and looked at MRAM2000 from 
the lower part side to drawing 57 is shown. In addition, drawing 56 
shows the cross section in the A-A line in drawing 57 . 
[0444] As shown in drawing 56 , the semiconductor chip 122 containing 
the circumference circuit and various functional block of a MRAM eel 
array is contained by the screen SHB of the cube type which consists of 
conductors of high permeability, such as a permalloy (nickel80Fe20) . 
[0445] As an ingredient of Screen SHB, super MAR0I (Mo5nickel79Fel6) 
other than a permalloy may be used as the software ferromagnetic used 
for example, for a MRAM memory cell, and an EQC and the ferromagnetic 
which has bigger permeability than it. Since the ferromagnetic with 
large coercive force may work as a permanent magnet and a surrounding 
electrical machinery and apparatus may be affected, the small 
ferromagnetic of coercive force is desirable. The ferrite of a permalloy, 
super MAROI, and Mn50Zn50 grade is an ingredient which fulfills this 
condition. 

[0446] The stress relaxation film 235 which consists of thermoplastic 
elastomer is arranged in the internal surface of Screen SHB. The stress 



relaxation film 235 serves to ease the stress of a semiconductor chip 
122 and Screen SHB. 

[0447] In the one side edge of the tubed outer frame section 237 from 
which Screen SHB serves as the body section, and the outer frame section 
237, it is had and constituted and the stress relaxation film 235 is 
arranged [ edge / the wrap up plate 238 and / of the outer frame section 
237 / another side / plate / 236 / wrap lower ] by the inside of the up 
plate 238 and the outer frame section 237. 

[0448] Moreover, opening is prepared in the lower plate 236 and it has 
composition in which the internal wiring 130 connected to the 
semiconductor chip 122 penetrates the opening concerned. 
[0449] As for a package 129, nothing and the screen SHB with the opening 
to the semiconductor chip 122 are inserted in box-like [ of closed-end 

[0450] A package 129 is magnitude which contains Screen SHB and has 
still more spatial allowances, and the resin material 128 which consists 
of resin, such as an epoxy resin, is arranged between Screen SHB and the 
wall of a package 129. 

[0451] Finally opening of a package 129 is covered by the base substrate 
134. The body of the base substrate 134 concerned consists of insulating 
materials, such as polyimide resin, and two or more solder bumps 125 for 
electric shielding and the solder bump 127 for signal transmissions are 
arranged in the principal plane which faced the outside. In addition, 
the base substrate 134 is fixed by the adhesives applied to the carrier 
film 124 or the lower plate 236 grade. 

[0452] The base substrate 134 has two or more internal wiring 130 and 
131 which connects electrically the solder bump 125 for electric 
shielding, and the solder bump 127 for signal transmissions to an 
internal configuration. 

[0453] The internal wiring 130 and 131 is arranged so that it may 
connect with the carrier film 124 arranged on the principal plane which 
turned to each inside the base substrate 134, and the internal wiring 
131 is electrically connected to the lower plate 236 of Screen SHB 
through the pad and electric wiring which are arranged on the carrier 
film 124. 

[0454] Moreover, the internal wiring 131 is electrically connected to 
the electric shielding electrode 126 which consists of conductors 
embedded to the interior of the base substrate 134. In addition, since 
some electric shielding electrodes 126 do not necessarily exist in the 
same cross section as the internal wiring 130 and 131, in drawing 56 , 
the broken line shows it. 



[0455] In addition, the electric shielding electrode 126 is fixed to 
power-source potential or touch-down potential, and it serves for the 
internal wiring 130 to prevent gathering an external electric noise. 
[0456] It connects with the pad (film electrode) prepared on the carrier 
film 124 directly, and the chip electrode 132 used as the input/output 
terminal of a semiconductor chip 122 is electrically connected to the 
internal wiring 130 through the film electrode and electric wiring by 
which patterning is carried out on the carrier film 124 concerned. In 
addition, the internal wiring 130 is connected to the solder bump 127 
for signal transmissions. 

[0457] The solder bump 127 for signal transmissions is a terminal for 
delivering and receiving an electrical signal with the semiconductor 
chip of the exterior and the interior, and the solder bump 125 for 
electric shielding is a terminal which fixes the potential of Screen SHB 
to touch-down potential. 

[0458] Moreover, as shown in drawing 57 , the solder bump 125 for 
electric shielding is arranged so that the solder bump 127 for signal 
transmissions may be surrounded. 

[0459] In addition, the solder bump 127 for signal transmissions and the 
solder bump 125 for electric shielding have the function which 
distributes the stress which joins the base substrate 134 to an 
installation substrate (mother board), and can reduce the stress which 
joins per solder bump by forming the solder bump 125 for electric 
shielding. 

[0460] The outline of the mounting approach of MRAM2000 is explained 
using the <H~3. mounting approach> next drawing 58 - drawing 62 . In 
addition, drawing 58 - drawing 62 do not express correctly the 
configuration which shows the mounting approach of MRAM2000 typically 
and is shown in drawing 56 . 

[0461] In drawing 58 , the carrier film 124 pasted the upper part of the 
base substrate 134, and the stress relaxation film 223 has pasted up on 
the carrier film 124. 

[0462] The stress relaxation film 223 is arranged so that the 
arrangement field of the film electrode 219 in which rectangle annular 
was prepared by nothing and the carrier film 124 may be surrounded. 
Moreover, the rectangle annular slot 224 is formed in the stress 
relaxation film 223, and the lower plate 236 ( drawing 56 ) of Screen 
SHB is arranged in the slot 224. In addition, the configuration in which 
the lower plate 236 was arranged in the slot 224 is shown in drawing 64 
(a) and drawing 64 (b). 

[0463] Moreover, although omitted, illustration is a next process, and 



the outer frame section 237 ( drawing 46 ) of Screen SHB is arranged 
along a slot 224, and it is connected to the lower plate 236. 
[0464] In addition, since the stress relaxation film 223 is making 
rectangle annular, in the direction of X and the direction of Y which 
are shown in drawing 58 , stress can be eased similarly. 
[0465] The film electrode 219 arranged on the carrier film 124 which is 
an insulator is connected to the solder bump 127 for signal 
transmissions through the internal wiring 130. 

[0466] In addition, connection between each bump and each chip electrode 
can be set as arbitration by carrying out patterning of the film 
electrode 219 on the carrier film 124, and the internal wiring 130 
suitably. 

[0467] The glue line 133 other than the film electrode 219 is 
alternatively arranged by the carrier film 124. A glue line 133 is for 
pasting up a semiconductor chip 122 with the carrier film 124. 
[0468] Next, in the process shown in drawing 59 , each chip electrode of 
a semiconductor chip 122 carries a semiconductor chip 122 so that each 
film electrode of the carrier film 124 may be contacted, and it fixes a 
semiconductor chip 122 by the glue line 133. 

[0469] Drawing 60 shows the condition of having reversed the base 
substrate 134 of the condition which shows in drawing 59 , and the semi- 
sphere solder bump formation hole 211 is arranged by the base substrate 
134. The internal wiring 130 and 131 (refer to drawing 56 ) has reached 
the internal surface of the solder bump formation hole 211, and when a 
solder bump fills the inside of the solder bump formation hole 211 at a 
next process, a solder bump and the internal wiring 130 and 131 will be 
connected electrically. In addition, a conductive polymer may be used 
instead of a solder bump. 

[0470] Drawing 61 shows the condition of having arranged the solder bump 
127 for signal transmissions, and the solder bump 125 for electric 
shielding on the solder bump formation hole 211. 

[0471] And after covering a semiconductor chip 122 by the screen SHB 
with the stress relaxation film 235 ( drawing 56 ) inside, it inserts in 
the package 129 of closed-end and as shown in drawing 62 , a 

configuration with the solder bump 127 for signal transmissions and the 
solder bump 125 for electric shielding is obtained at the rear face by 
pouring encapsulants, such as resin, into a clearance. 
[0472] Here, the plane view configuration of the stress relaxation film 
223 is explained to be the lower plate 236 which constitutes Screen SHB 
using drawing 63 , drawing 64 (a), and drawing 64 (b). In addition, 
drawing 63 shows the cross-section configuration of the outline in the 



B-B line in drawing 56 , and drawing 64 (a) and drawing 64 (b) show the 
cross-section configuration in the C-C line and D-D line in drawing 63 . 
[0473] As shown in drawing 63 , the lower plate 236 consists of plates 
of the rectangle which has the rectangular opening OP in the center, and 
the rectangle annular electric shielding electrode 126 ( drawing 56 ) 
electrically connected to the solder bump 125 for electric shielding is 
arranged at the base substrate 134 side, in addition, the dimension of 
the electric shielding electrode 126 — the dimension of the lower plate 
236, and abbreviation — it is the same. 

[0474] In addition, since the stress relaxation film 223 is arranged in 
the inside and the outside of the opening edge of Screen SHB and the 
stress relaxation film 235 (refer to drawing 56 ) is arranged inside 
[ whole ] Screen SHB, the stress from the outside which joins a 
semiconductor chip 231 and a semiconductor chip 232 can be reduced. 
[0475] Since the semiconductor chip 122 containing a MRAM eel array was 
surrounded by the screen SHB covered from an external magnetic field 
according to MRAM2000 concerning the gestalt 8 of the operation 
explained beyond the <H-4. operation effectiveness), it can prevent that 
the spin of a MRAM eel is reversed with an external magnetic field, and 
the direction of magnetization, i. e. , data, is rewritten. 
[0476] Moreover, since the stress relaxation film 223 is arranged in the 
inside and the outside of the opening edge of Screen SHB and the stress 
relaxation film 235 is arranged inside Screen SHB, it can reduce that 
the deflection of the installation substrate (mother board) which 
attaches MRAM2000, and the stress from the outside resulting from a 
temperature cycle join a semiconductor chip 122. 

[0477] <H-5. modification 1> In addition, in MRAM2000 explained above, 
although the semiconductor chip to mount was shown as one, it is good 
like MRAM2100 shown in drawing 65 also as a configuration which lays 
semiconductor chip 122b (magnetic storage chip) containing a MRAM eel 
array on semiconductor chip 122a (circuit chip) in which the 
circumference circuit and various functional block of a MRAM eel array 
were contained. 

[0478] Semiconductor chip 122a equips both principal planes with a chip 
electrode, and semiconductor chip 122a and semiconductor chip 122b are 
connected by the film electrode and electric wiring on carrier film 124b 
arranged among both. Moreover, adhesion immobilization of semiconductor 
chip 122a and the semiconductor chip 122b is carried out by the glue 
line 133. 

[0479] In addition, since electric connection with semiconductor chip 
122a and the solder bump 127 for signal transmissions is the same as 



connection with the semiconductor chip 122 and the solder bump 127 for 
signal transmissions who show drawing 65 and it is fundamentally [ as 
MRAM2000 ] the same except the point that the carrier film 124 is 
carrier film 124a, explanation is omitted. 

[0480] Moreover, semiconductor chip 122a and semiconductor chip 122b may 
arrange vertical relation conversely. In that case, what is necessary is 
just to arrange a chip electrode in both sides of semiconductor chip 
122b. 

[0481] Moreover, the combination of the arbitration of a well-known 
semiconductor chip is [ that the MRAM eel array should just be arranged 
by the chip of the method of one at least ] possible for the combination 
of semiconductor chip 122a and semiconductor chip 122b. 

[0482] In MRAM2100 shown in drawing 65 , since semiconductor chip 122a 
in which the circumference circuit and various functional block of a 
MRAM eel array were contained, and semiconductor chip 122b containing a 
MRAM eel array are manufactured separately and combined, it is not 
necessary to take the difference in formation temperature into 
consideration, and each formation temperature can be optimized. And 
since semiconductor chips 122a and 122b are manufactured separately, a 
production process advances to parallel and production time can be 
shortened. 

[0483] In MRAM2000 shown in <H~6. modification 2> drawing 56 , although 
the ferromagnetic was used for the ingredient of Screen SHB instead, 
even if it uses the ant i ferromagnetic substance, such as IrMn 20- 
30atom. % Containing Ir (iridium), the same effectiveness is done so. 
[0484] Moreover, Screen SHB may consist of multilayers of ferromagnetic 
136a and ant i ferromagnetic substance 136b like MRAM2200 shown in drawing 
66 . In that case, let similarly the electric shielding electrode 126 in 
the base substrate 134 be the multilayers of ferromagnetic 126a and 
ant i ferromagnetic substance 126b. In addition, the vertical relation of 
multilayers is not limited above. 
[0485] 

[Effect of the Invention] According to the magnetic storage according to 
claim 1 concerning this invention, since the easy axis whose at least 
one magnetic tunnel junction is the easy direction of magnetization of a 
software ferromagnetic layer is arranged so that it may have the include 
angle of 40 - 45 degrees to the extension direction of two or more bit 
lines and two or more word lines, with few write-in currents, it can 
reverse the direction of magnetization of a software ferromagnetic layer 
certainly, and can reduce the power consumption at the time of writing. 
[0486] Since according to the magnetic storage according to claim 2 



concerning this invention it is constituted by the rectangle so that the 
side parallel to an easy axis may become longer than the side which 
intersects perpendicularly with an easy axis in the plane view 
configuration of a magnetic tunnel junction, it can prevent that it 
becomes easy to define an easy axis and an easy axis changes with the 
anisotropies resulting from a configuration. 

[0487] according to the magnetic storage according to claim 3 concerning 
this invention — the 1st and 2nd change means — the 1st and 2nd edges 
of a bit line — the 1st — since it can change and connect with the 
power source of a certain **** 2, a bidirectional current can be passed 
to a bit line, the direction of magnetization of a magnetic tunnel 
junction is changed to it, and it becomes it the writing of data, and 
eliminable. 

[0488] According to the magnetic storage according to claim 4 concerning 
this invention, since the 1st and 2nd change means are constituted from 
the 1st of the same conductivity type - the 4th MOS transistor, 
manufacture becomes easy. 

[0489] According to the magnetic storage according to claim 5 concerning 
this invention, the 1st change means is constituted from the 1st and 2nd 
MOS transistors of conductivity types differing. Since the 2nd change 
means is constituted from the 3rd and 4th MOS transistors from which a 
conductivity type differs On the other hand, the 1st and 2nd MOS 
transistors reach, and the burden which it becomes unnecessary to apply 
the electrical potential difference more than supply voltage to one 
control electrode of the 3rd and 4th MOS transistors in an ON state, and 
starts gate dielectric film can be made small. 

[0490] According to the magnetic storage according to claim 6 concerning 
this invention, between the 1st [ of the 1st and 2nd MOS transistors ] 
main electrode, Since it has the 5th and 6th MOS transistor which will 
always be in an ON state between the 1st [ of the 3rd and 4th MOS 
transistors ] main electrode, respectively The stress electrical 
potential difference which joins one 1st main electrode of the 1st and 
2nd MOS transistors and one 1st main electrode of the 3rd and 4th MOS 
transistors is reduced, the leakage current resulting from a stress 
electrical potential difference is reduced, and power consumption can be 
reduced. 

[0491] Since the number of the memory cell directly connected to the 
same wiring by using two or more main word lines crossed to two or more 
memory cell arrays and the word line only over a single memory cell 
array in the magnetic storage which has two or more memory cell arrays 
decreases according to the magnetic storage according to claim 7 



concerning this invention, load-carrying capacity is reduced. 
Consequently, the time delay resulting from load-carrying capacity can 
be shortened, and rapid access can be realized. 

[0492] Since the number of the memory cell directly connected to the 
same wiring by using the word line only on magnetic storage equipped 
with two or more memory cell array groups which have two or more memory 
cell arrays, and over a single memory cell array, two or more main word 
lines crossed to two or more memory cell arrays, and two or more global 
word lines crossed to two or more memory cell array groups according to 
the magnetic storage according to claim 8 concerning this invention 
decreases, load-carrying capacity is reduced. Consequently, the time 
delay resulting from load-carrying capacity can be shortened, and rapid 
access can be realized. 

[0493] Since the number of the memory cell directly connected to the 
same wiring by using two or more Maine bit lines crossed to two or more 
memory cell arrays and the bit line only over a single memory cell array 
in the magnetic storage which has two or more memory cell arrays 
decreases according to the magnetic storage according to claim 9 
concerning this invention, load-carrying capacity is reduced. 
Consequently, the time delay resulting from load-carrying capacity can 
be shortened, and rapid access can be realized. 

[0494] Since the number of the memory cell directly connected to the 
same wiring by using the bit line only on magnetic storage equipped with 
two or more memory cell array groups which have two or more memory cell 
arrays, and over a single memory cell array, two or more Maine bit lines 
crossed to two or more memory cell arrays, and two or more global bit 
lines crossed to two or more memory cell array groups according to the 
magnetic storage according to claim 10 concerning this invention 
decreases, load-carrying capacity is reduced. Consequently, the time 
delay resulting from load-carrying capacity can be shortened, and rapid 
access can be realized. 

[0495] Since package elimination or the package writing of the data of 
two or more memory cells which have at least one magnetic tunnel 
junction can be carried out by having the inductor which generates a 
field in the direction in alignment with the easy axis which is the easy 
direction of magnetization of a software ferromagnetic layer according 
to the magnetic storage according to claim 11 concerning this invention, 
processing in a short time is attained. 

[0496] According to the magnetic storage according to claim 12 
concerning this invention, since a field is efficiently generated by the 
coiled form inductor, there is little power consumption in the case of 



package-eliminating or package writing in the data of two or more memory 
cells, and it ends. 

[0497] Since package elimination or the package writing of the data of 
two or more memory cells which have at least one magnetic tunnel 
junction can be carried out by equipping the outside of two or more bit 
lines and two or more word lines of at least one memory cell array with 
a flash plate bit line and a flash plate word line, and passing the 
current of the predetermined direction to these according to the 
magnetic storage according to claim 13 concerning this invention, 
processing in a short time is attained. 

[0498] According to the magnetic storage according to claim 14 
concerning this invention, in the magnetic storage with which two or 
more memory cell arrays were arranged in the shape of a matrix, since a 
flash plate bit line and a flash plate word line can also carry out 
package elimination or the package writing of the data of two or more 
memory cell arrays, the processing of them in a short time is attained 
by arranging so that a matrix may be constituted in accordance with the 
array of two or more memory cell arrays. 

[0499] Since it has at least one inductor which saves the current of the 
selected bit line and a word line which flows to the method of one at 
least by LC resonance, and at least one capacitor according to the 
magnetic storage according to claim 15 concerning this invention, a 
write-in current can be recycled and the power consumption at the time 
of writing can be reduced. 

[0500] According to the magnetic storage according to claim 16 
concerning this invention, the concrete configuration for recycling the 
write-in current in a bit line can be obtained. 
[0501] According to the magnetic storage according to claim 17 
concerning this invention, the concrete configuration for recycling the 
write-in current in a word line can be obtained. 
[0502] According to the magnetic storage according to claim 18 
concerning this invention, it can prevent that the direction of 
magnetization of a magnetic tunnel junction is reversed with an external 
magnetic field, and data are rewritten in two or more memory cells 
containing at least one magnetic tunnel junction by containing at least 
one semiconductor chip to the electric shielding inside of the body 
which consists of conductors. 

[0503] According to the magnetic storage according to claim 19 
concerning this invention, since at least one semiconductor chip is held 
with the 1st and 2nd stress relaxation film, the stress from the outside 
can reduce joining two or more semiconductor chips. 



[0504] dividing into a magnetic storage chip and a circuit chip 

including the circumference circuit of a memory cell array according to 

the magnetic storage according to claim 20 concerning this invention — 

both — it will manufacture separately, it is not necessary to take the 

difference in formation temperature into consideration, and each 

formation temperature can be optimized. Moreover, a production process 

advances to parallel and production time can be shortened. 

[0505] According to the magnetic storage according to claim 21 

concerning this invention, to a software ferromagnetic layer, or since a 

screen consists of ferromagnetics which have bigger permeability than it, 

it can cover an external magnetic field effectively. 

[0506] According to the magnetic storage according to claim 22 

concerning this invention, since a screen consists of the 

ant i ferromagnetic substance, it can cover an external magnetic field 

effectively. 

[0507] According to the magnetic storage according to claim 23 
concerning this invention, since a screen consists of multilayers of a 
ferromagnetic and the ant i ferromagnetic substance, it can cover an 
external magnetic field effectively. 

[0508] Since it has at least the multilayers which form at least one 
magnetic tunnel junction arranged throughout the principal plane 
according to the magnetic-substance substrate according to claim 24 
concerning this invention, when manufacturing the magnetic storage 
equipped with the memory cell which has at least one magnetic tunnel 
junction, a mere semi-conductor substrate can be prepared, a production 
process can be skipped compared with the case where multilayers are 
formed on the principal plane, and a manufacturing cost can be reduced. 
[0509] According to the magnetic-substance substrate according to claim 

25 concerning this invention, the magnetic-substance substrate suitable 
for manufacture of the magnetic storage equipped with the memory cell 
which has single MAG tunnel association is obtained. 

[0510] According to the magnetic-substance substrate according to claim 

26 concerning this invention, the semi-conductor substrate suitable for 
manufacture of the magnetic storage which equipped the lower part of 
single MAG tunnel association with the memory cell with pn junction 
diode is obtained. 

[0511] Since at least one magnetic tunnel junction will be formed on the 
SOI substrate which can reduce the parasitic capacitance of MOSFET 
according to the magnetic-substance substrate according to claim 27 
concerning this invention, the working speed of MOSFET can be made quick 
and a magnetic-storage working speed can also be made quick as a result. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the configuration of a 
MRAM cel. 

[Drawing 2] It is drawing showing the configuration of a general MRAM 
eel array. 

[Drawing 3] It is drawing explaining actuation of a general MRAM eel 
array. 

[Drawing 4] It is drawing showing the relation of a field required to 
reverse spin. 

[Drawing 5] It is drawing showing the configuration of the MRAM eel 

array of the gestalt 1 of operation concerning this invention. 

[Drawing 6] It is drawing explaining actuation of the MRAM eel array of 

the gestalt 1 of operation concerning this invention. 

[Drawing 7] It is drawing showing the configuration of the MRAM eel 

array of the gestalt 1 of operation concerning this invention. 

[Drawing 8] It is drawing explaining actuation of the MRAM eel array of 

the gestalt 1 of operation concerning this invention. 

[Drawing 9] It is drawing explaining actuation of a general MRAM cel. 

[Drawing 10] It is drawing explaining actuation of a general MRAM cel. 

[Drawing 11] It is drawing explaining actuation of the MRAM eel of the 

gestalt 1 of operation concerning this invention. 

[Drawing 12] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 13] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 14] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 15] It is drawing showing the relation of a field required to 
reverse spin. 

[Drawing 16] It is drawing explaining actuation of a general MRAM cel. 
[Drawing 17] It is drawing explaining actuation of a general MRAM cel. 
[Drawing 18] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 19] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 



[Drawing 20] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 21] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 22] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 23] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 24] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 25] It is drawing explaining actuation of the MRAM eel of the 
gestalt 1 of operation concerning this invention. 

[Drawing 26] It is the block diagram showing the configuration of MRAM 

concerning the gestalt 2 of operation of this invention. 

[Drawing 27] It is the circuit diagram showing the configuration of MRAM 

concerning the gestalt 2 of operation of this invention. 

[Drawing 28] It is the timing chart which shows actuation of MRAM 

concerning the gestalt 2 of operation of this invention. 

[Drawing 29] It is drawing showing the applied-voltage dependency of the 

rate of change of magnetic tunnel resistance. 

[Drawing 30] It is drawing showing the configuration of a double MAG 
tunnel junction. 

[Drawing 31] It is the circuit diagram showing the configuration of MRAM 

concerning the gestalt 2 of operation of this invention. 

[Drawing 32] It is the timing chart which shows actuation of MRAM 

concerning the gestalt 2 of operation of this invention. 

[Drawing 33] It is the circuit diagram showing the configuration of MRAM 

concerning the gestalt 2 of operation of this invention. 

[Drawing 34] It is the configuration **** block diagram which divided 

the word line of MRAM concerning the gestalt 3 of operation of this 

invention. 

[Drawing 35] It is the configuration **** block diagram which 
hierarchized the word line of MRAM concerning the gestalt 3 of operation 
of this invention. 

[Drawing 36] It is the configuration **** conceptual diagram which 
hierarchized the word line of MRAM concerning the gestalt 3 of operation 
of this invention. 

[Drawing 37] It is the configuration **** block diagram which divided 
the bit line of MRAM concerning the gestalt 3 of operation of this 
invention. 

[Drawing 38] It is the configuration **** block diagram which 



hierarchized the bit line of MRAM concerning the gestalt 3 of operation 
of this invention. 

[Drawing 39] It is the perspective view showing the configuration of 
MRAM concerning the gestalt 4 of operation of this invention. 
[Drawing 40] It is a sectional view explaining actuation of MRAM 
concerning the gestalt 4 of operation of this invention. 
[Drawing 41] It is a sectional view explaining actuation of MRAM 
concerning the gestalt 4 of operation of this invention. 
[Drawing 42] It is a sectional view explaining actuation of MRAM 
concerning the gestalt 4 of operation of this invention. 
[Drawing 43] It is the top view showing the configuration of the 
modification of MRAM concerning the gestalt 4 of operation of this 
invention. 

[Drawing 44] It is the sectional view showing the configuration of the 
modification of MRAM concerning the gestalt 4 of operation of this 
invention. 

[Drawing 45] It is the sectional view showing the configuration of the 
modification of MRAM concerning the gestalt 4 of operation of this 
invention. 

[Drawing 46] It is the top view showing the configuration of the 
modification of MRAM concerning the gestalt 4 of operation of this 
invention. 

[Drawing 47] It is the top view showing the configuration of MRAM 

concerning the gestalt 5 of operation of this invention. 

[Drawing 48] It is the top view showing the configuration of MRAM 

concerning the gestalt 5 of operation of this invention. 

[Drawing 49] It is the sectional view showing the configuration of the 

semi-conductor substrate concerning the gestalt 6 of operation of this 

invention. 

[Drawing 50] It is the sectional view showing the configuration of the 
semi-conductor substrate concerning the gestalt 6 of operation of this 
invention. 

[Drawing 51] It is the block diagram showing the configuration of 
general MRAM. 

[Drawing 52] It is the block diagram showing the configuration of MRAM 

concerning the gestalt 7 of operation of this invention. 

[Drawing 53] It is the block diagram showing the configuration of MRAM 

concerning the gestalt 7 of operation of this invention. 

[Drawing 54] It is the sectional view showing the configuration of 

package-ized general MRAM. 

[Drawing 55] It is the sectional view showing the configuration of 



package-ized general MRAM. 

[Drawing 56] It is the sectional view showing the configuration of MRAM 

concerning the gestalt 8 of operation of this invention. 

[Drawing 57] It is the top view showing the configuration of MRAM 

concerning the gestalt 8 of operation of this invention. 

[Drawing 58] It is the perspective view showing the production process 

of MRAM concerning the gestalt 8 of operation of this invention. 

[Drawing 59] It is the perspective view showing the production process 

of MRAM concerning the gestalt 8 of operation of this invention. 

[Drawing 60] It is the perspective view showing the production process 

of MRAM concerning the gestalt 8 of operation of this invention. 

[Drawing 61] It is the perspective view showing the production process 

of MRAM concerning the gestalt 8 of operation of this invention. 

[Drawing 62] It is the perspective view showing the production process 

of MRAM concerning the gestalt 8 of operation of this invention. 

[Drawing 63] It is a top view explaining the partial configuration of 

MRAM concerning the gestalt 8 of operation of this invention. 

[Drawing 64] It is a sectional view explaining the partial configuration 

of MRAM concerning the gestalt 8 of operation of this invention. 

[Drawing 65] It is the sectional view showing the configuration of MRAM 

concerning the gestalt 8 of operation of this invention. 

[Drawing 66] It is the sectional view showing the configuration of MRAM 

concerning the gestalt 8 of operation of this invention. 

[Drawing 67] It is drawing showing the concept of a magnetic tunnel 

junction. 

[Drawing 68] It is drawing showing the density of states of transition 
metals typically. 

[Drawing 69] It is a mimetic diagram explaining a tunnel magneto- 
resistive effect. 

[Drawing 70] It is a mimetic diagram explaining a tunnel magneto- 
resistive effect. 

[Drawing 71] It is drawing showing the example of a configuration of a 
magnetic tunnel junction. 

[Drawing 72] It is drawing showing the example of a configuration of a 
magnetic tunnel junction. 

[Drawing 73] It is drawing showing the example of a spin bulb mold 
ferromagnetism tunnel junction component. 

[Drawing 74] It is drawing showing the observation property of a spin 
bulb mold ferromagnetism tunnel junction component. 

[Drawing 75] It is the perspective view showing the configuration of the 
conventional MRAM eel array. 



[Drawing 76] It is the perspective view showing the configuration of the 
conventional MRAM eel array. 

[Drawing 77] It is the representative circuit schematic of the 
conventional MRAM eel array. 

[Drawing 78] It is drawing explaining actuation of the conventional MRAM 
eel array. 

[Description of Notations] 

MC2, MC3 64 A MRAM eel, 83 66 A sub word line, 85, 166 MRAM eel array, 67 
84 A main word line, 87 861 A global word line, 1861 Memory cell array 
group, 164,183 A sub bit line, 167,184 Maine bit line, 187 The solder 
bump for global bit line and 125 electric shielding, 223,235 The stress 
relaxation film, 127 The solder bump for signal transmissions, 122 A 
semiconductor chip, ID An inductor, FBL A flash plate bit line, FWL A 
flash plate word line, SHB Screen. 
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[0 0 0 5] COiHfttth>*;WJB»ljKt (Tunnel Mag 
net ic Resistance: T MR) »JR£nj»*tl3 0 TMR 

[0 0 0 6] H6 8yj»&JRC!}«aiff5N (E) (DM 

ia*o»?**r*jii?©ttiMsa*5%r. 

[0 0 0 7] BB6 8(c£^Ttt, 3 didili: 4 s 

[0 0 0 8] jmOitfttttttfrtcftSOl^ 
W?ICJ51^T, ±|p]*<7)Xt:°>(Dl!(<!:TlRl#cDZt: 0 >(D 



jftm z v v z — z 3 i sut 



[0 0 0 9] 4s*tK©«?tt±lRj#©X£ 
>©»£Tfc#©Xfcf>©»tfEU?*3©T»«tt©« 

[0 0 10] H6 9£«fctfH7 0ttTMRajR€«aft 
CStHTfSS. H6 9T?tt, ttflUi T B ©£fl J©&5& 
ttttl F M 2 1 SJS? <0 3 d KM® 55. TIrI 

<fc LT$ib©ft#&Tlp]*K&So 
[00 11] IB1MTB©«ffl©ftflrattJIFM2 2fc 

[0 0 12] «?©h ££ttKB£lttt 

&Kig (3tni4ftiFM2 1 ft) twm mm 

ftjf FM2 2fc) ©Tfc*©xe>tttl*fitf £ *>lc± 

So 

[0 0 13] H7 0?tt»ttl8 (BlKtttMFM 

2 1 ft) 0±fi|*0^tf>flD«?«*r 

*©x vynn&m? zmwnmmiMvs i^t 

d6, h>*;Wt*fcfc'.h*<Sy. h>*/US3W>/.h*< 

[0 0 14] CC?» 200a«Stt«ifl!)BHbOlRl#fl t 
EUfcHI i;?S3Ji£©SJa* R F. 5S*lRl€lRl^T 

^s«^oiiK*RAFfr*t, h>*;b»*«sawb 

* (Tunnel Magnetic Resistance Rate: TMRR) I* 

[0 0 15] 
OKI] 

TMR R= RAF ~ RF = -d) 
Ra I-P1P2 

[0016] as, ±iBifca; (D teaser, pi, P2 

fcfc> *ft*TOSH8ffifMI F M 2 1 £ cfetf F M 2 2 ©X t° 

[00 1 7] ^LT, aXtf>/K>K©7x;l/5®T*0 
ttll*fi*Da (E F ) tf«tXfcfV»H*(**Jca 

[00 18] 
D&2] 

r= Dt(Ef) -Di(Ef) 
Di(Ef)+Di(£f) 

[0 0 19] ffttJ-Ss Xtf>»S*W:7i;U5iBT»© 
±|Rl*Xlf>tTiRl*Xtf>fflttJIMSfilltf**^B^ 
*#<&So £fc, Ztf>»S** { 1KiSr5<«^ T 
MRRtt*S<ft3o Xfcf>fl«£IHb(*JfcWr 
CC?, S! 1 fc#M*tt©7. 



[0020] 
»1] 



«» 




Fe 


0.44 


Co 


0.35 


Ni 


0.23 


NisoFe20 


0.25 , 0.45 


FeCo 


0.53 


NiMnSb 


1 , 0.58 


PtMnSb 


1 


Cr0 2 


1 


FeaC-4 


1 


(La*Sr)Mn03 


1 



[002 1] tt±BMIl LfeTMR l/c\ 2 O 

^-^SEttfT^aHtfMRAM (Magnetic Random Ac 
cessMemory) fife So 

[0 0 2 2] UoT. MT J©20CD?Sli14ttS©-^ 
©*Kfb*lRl*Sa.fcl^ B6 7©^jt7-ti^#^6- 
If 5 1 M^©3SH14ftl <fc bCSlRltfSto oTLt 
5H£tf<&So *CT\ -aoaH^fMOBtfbSlql* 

So 

[0 0 2 3] H7 1 lCfc^T> SeiiTB$»ft| 
F M 2 1 JJcfctf F M 2 2 ®8S14ftJI F M 2 1 © 

±SfcttE»»ttf«IAFtfEBMfftT^So 4fc J5 

3an»i±#ji a f (c»Bdms©iE«««, snawi f 

M22 fcttfi»B*»«LTV*o 
[0 0 2 4] aKttfttS»«Htft*BBgLT»«-rs 
<!:. P5**Jt<Bt«tfiBi:*cfc(i:J:y8Mb©*ia3B«H 

[ 0 0 2 5 ] s /c, m 7 2 icx tr>/ w?msm h > 
^imsmwmmwffimzmo m7 uas^z, 
mmm t b £®5gttttJi f m 2 1 as* tf f m 2 2 

SSBfttttJI F M 2 1 ©±Slz:a£3ttttttfl A F * 
mm U SiHttttfMI FM22 ©ITOfcttBHttttttl F M 
2 3»ERLTl*«. 

[0026] zzz\ stm&ftmAFiz. mx\t\ r 

(-rU^A) £2 0~3 0atom.%^tr I rMn?l 
J^tU BHSttWl F M 2 1 ©5&fb©£lRl£llE-rS 
6\ i«b^fittj1«Bt!litc»LTEIELlc<l^* 
1^©T\ &58ttttJl F M 2 1 £ LTttfi»7Jtf**ftC 
oFetfJft/>6tr?lv&. 

[0 0 2 7] Sfc a^ (1) *ffllvaWBLfcJ:3 

it> h>*;wa»uK»aMb* (tmrr) «ztf>»a 

ttftt LTC o F e^ffl^etlTl^So 
[0 0 2 8] — 3ftBtftfMFM2 2(Ct.@UCoF 



WIS) 2 U U ^ — A3 I 



e tfffl^SftTVSjft SnSttftS FM22 ti&3^< 
/J^ft^SPKISlfC«fcy«tfbOSlRlfl { SiJ»?*«J:5»«:, 

[0029] HI 7 2 <mmOB\^X\As SBtttftJI F M 
2 2©Kfb0iaS*EeUP*-<*-«BH^ Satttff 
J| F M 2 3 t LT««*fcXfcr>«W^*a N i 80 

Fe 2 o (/N-^pf) ^ffiffl-r^o cntcty, bus 

fell F M 2 2 tt/J\*3a:W.a«tlSl?aifk©fil*€filE*-a: 

[0 0 3 0] 07 31*07 2(Cn%rxe>/^U^BBMI 
14 h >*;WSS^«?fl!>*l8tta«Ji*S U i7 4 til 
KWSfcfcW-* T M R ®$3tltttt«^ LTV*. 

[0 0 3 1] H7 3IC£I^T« «SBD±(C¥Btt(CE 
K* nfcJEBKttftH A F tfttttttttJI FM21© 

mmfc±mz®mm t b # ek* tu gam t b ©±a5 

K3WH«MiFM2 3fl«B»*#lT^*c C<0<fc3a« 
rt(Cfc^T\ fl«#£fMlLT. B&ffiftMR<D${b 

LfdSStf H 7 4 
[0 0 3 2] H7 4tcfe^Ttt» MMlCltff (1x;|/7. 
77F=S57 9A/m7«I) > 
St* (TMRR) fciSLTl^So B7 4#5tt» TMR 

Rtf3 6 %<Dm*nm lti^s c «w bo* isicss 

E&S&HSM«&3 0 (x 7 9 A/m) Sfitfi^C 
[0 0 3 3] <MRAMflDlEt£ltifHIS>MRAMT* 

ti* t «j -b;u*«ia-r *Bt» I* >*;us^«?a) 2 00 
aHWtftoKfbosiRitfrai;, *§E-r*£ip] 

tfT7*-**E1W*. 

[0034] ea$nfc7*-9i& ^y-fe/wcmj&o 

Cited: un»Urc&#7««. ^LT, h>*JWB 
SfflSSfflCSfb* (TMRR) jflyfc*lNi£-fe>XL* 
1V©T\ X tf >5ja*tf**a»«ttfl*l«tf M R A 
MtctiEfiJTfcS, 

[0 0 3 5] Sfc, x— £©»*&&fcU EiSI 07- K 
«£«fetf bfv hflO Km£Wfc£^LTfg£Lfc5SW£ 

ffl^t, -soaaittt#osB[fbfl!>*iRi**jitifcffii\ 

[0 0 3 6] <MR AM-fe/KDjgjgMXTv M RAM© 
'&m\t LTs XBtt PFU SP5,793,697 
* ftTVSM RAM fcoi^TMteJctflWMWlT 

[0 0 3 7] E17 5tiMRAM-tr/U7 7 U'i'<i:-tz;l/^-r 
MMTCSS. H7 5(c£(^Z\ SftcTfffcES^ft 
fc"7- KI8K 2fc£tf 30±SHc;fc^T3Srf 
fc» tfvH»4, 5fc«l:tf6ffS^fc¥fJ(cER#h.T 

[0 0 3 8] -f-LTx 7- KttfcJitf h«T*»Stl 



«hLT^f<fe-5tJ:, MRAM-b;U9(4'7-K«0±lC5/ 
'Javpn JS^f*- K 7 1 «ft h >*;M8^*? 

(MTJ) 83ffflW*nn:«ISX»*«o 

[0 0 3 9] H7 6ttMRAM-t;U9©BfiB«Jfi*^-r 
SBCBI?**,, tt& H7 6te£^Ttt7-K«3±ffl 
M R A M-fe/l/ 9 *«9S LTfc y % -> y =1 >S*S 8 0©± 

in 7 - KM 3 ES* tu ^(0±.\z n +-> y =1 ym 1 0 
t P +-> y n 1 1 tfsui? tu p n s^-r*- k 

7 tlTV*. p n mS?**- K 7 ti>> y □ > 

[0 0 4 0] ^-LTv pni«^^-r*-K7 0±SlC(4 

^>^xt>x^7K12 #E«artu P n 

-K7ti*>?X7 1 >X2v K1 2£frLTMT J 8tc 

«ftttKsaa*tiT^*o ->y=i>Kflan 31* 

$^Xt>X*7K1 2t,«5«fe3tEER*tU 
VTJf-yM^f K1 2t5/'JU>Efbl8l 3£D«BtiC 
MP (Chemical Mechanical Polishing) Wfifb£ft 
TV*. 

[0041] M T J 8 ttStltttiTCS y , Tfr SlitiU 
S£ (Pt) T*M*tl*^>7U- hJ1 1 5 mi 
0 n m) , N i 81 F ei90/t-^P*7Wl8Sft*Sflll! 
&5&tt{*!16 II4nm) , M 1154F e46"ttWMWF 
ft*55S14i*J1 1 8 (fflWMOnmK CoFeW^ 
t*N i8lFei9©/*-TP-T7?«lJa*tU WbSlRltfH 
E*ft/c®E814ttg2 0 (HJSSnrn) , Al 2 0 3 7-1 
^*tl5h>^;U/^'J7^2 2 % MJP2nm©CoFe 
tMW2 0nm©Ni 81 F ei9©^JST^*tlSV 
7h3$5BttW12 4 > PtT^*tl«3>^"7hl2 

[0 0 4 2] h>*/U/^y7JI2 2tt» BWW 

2 n mOA I i&mSt* 7*7XT»fbS6te«fey 10 0m 
To r r©««E*TT»2 5W/cm2o/t , 7-«a? 
6 0-2 4 0»H«yiLTJB«*tl*o 

[0 0 4 3] H7 6K(i^*33:^3H« % UlttttiS 

*5 8 0 ±W-> y =1 >^fb^ 1 3 tc 1 M 
T J £»jftU Ctl€7* h U*J7> b^X<7*m^TT 
;UJ>-T*>5 y>^TV^-->^LT, U7 6tC^ 

T'j^ftMT j z&m.<mm% 0 a^omt j st* 

->U3>«fbil2 6 7»«M*tlTl^o IU7 6tJ: 

[0 0 4 4] M T J 8 h >*lMSSf*, fcfcBMB 

Lfe «fe a (cy 7 h MBtttfH 2 4 ©Jifbffl^iRi^ 
*fa^zv%m-&txm%;% 0 V7 H3»8ttttji2 4® 

BHkOSlRltt, try Mtf7-K«*atti««3(tfc«fcy 
[0045] £fc» MTJ8 h >*;UffiEKtt» h 



[0 0 4 6] y7r-3tB8tttt)12 4&, -r-^-T 7 *^ 
X (easy axis) tWrnZtlZMitm^ttfa*^ 

15 fa It 2 £|p| £ a y % *ft**i* * y -fe/l/© 0 Jj Jctf 1 
© 2 -0(07-$ icnvsZtt Z. £ 7*«o 
[0 0 4 7]-^ ®58ttttJ12 0^ «fltf)*lRltfy 
7h»«ttfMI2 4©-<-y-7'^5/Xi|p|i;?, 
MRAMOHifH«lllc«fe6r*lRl*aAa^J:5te 

[0 0 4 8] C©Kfb©*lR]*@£«fb©*lRl (unidir 
ectional an i sot ropy di recti on©{U:Mai[RI§) £11 
do V7 h3SJS14^l2 4£DY-v ? -7 , ^->Xli, MT 
J 8©K14S:frl4 (intrinsic anisotropy) „ fSTJliiE 
SStt (stress induced anisotropy) , fEttlceSt" 

[0 0 4 9] EE* % JtttS*tt£H\ WttftfttHir 

[0 0 5 0] $fc^ ■7 5(Caf , TJ:3(C« MTJ8ttsp 
BMUBttift *3»SU &&ft*W©*7Jfl£K£LT 
CWi, MTJ8<oratttCjBHT*SStt£5pJfll 
LTn y7h&&14ftl2 4©^-^-7 7 <7->X££A& 
TVSfci&T'SSo 

[00 5 1] ftlC, ®5gtttt]f 2 0©@5£HWb©*Gl© 

*ft*«m3a«ttt#ji i &A£tt# {in}* 

fcttzZft ({111}®) *±»cLTria**-*o S 
fc, M n F e?-*M£ftSJ5&14f*S 1 8W\ D]$®58 

[0 0 5 2] cnSOBtttttJiW:, «fci|»**l*y7 

ttttfl 2 4©H£Kfbffl£lRlJ{«li&6tl*o 
[0 0 5 3] Sfc, 2 0 1 8 £ 

mt. v7mmvk#.m2 4<Dzn£v^ nmmK. 

•fcoTSlRjfcSAKX <a»J\ 7- K»£tfy 
tiS«atte:J:y584-r*«IM)***a>«H?fct 858 
ttf*Ji2 0OBtfbo*iattBS**i*o mtj 

8©¥i5ffi»tt€**iB(cLTV3fcak 85814ttg2 

oojBtttceHrswbsstttfR^L, £©££*>& 

[0 0 5 4] <MRAM©#*i^/tt*fflL»fE©« 
g>J-X~K M R A MO#*&3M3 «fctfR*tH LKrfFfcO 

try (ass??- mtsxtmnfry mmm 



ICSW**17V*MT J 8®V7 h&Bf£ttJI2 4©litt 

fbo*iRitfJi©iBrtTiHHEL» 7 s -*©»*a*tffft> 
tis, 

[0 0 5 5] COKHO***(4y7h3fi«ttttW|2 4 
©X-fy^>^f«ISi (Wb©*lR]tffiKL*&4&3Bt!» 

1 2 4©ffi»wjt«fbastt7»s*o 

[0 0 5 6] Sfc» BW7- K«JB«fet«HRtf y hH© 
SHK«fltr««t»tt. »«ttft«2 0©HS«fb©S- 
fi*lHBE*-&a^«fe 3 It. +#/j>* < RH- LftltftfcW: 
6»t\ atfftStf, *3W? (Half select) -fe/U©« 
fb©*iRi*SS.a^fca6T**o a*>\ ¥5IiR-tr;U<h 
(*» ^©±Tinf»S-T§7- K^feJctftfy hiH©-7J 

[0 0 5 7] E©«fc5Jc % tfJ-tfrTMCDT-l-T 

»#a*e©5H»m73*fi»-rsfea6. »# 

So 

[0 0 5 8] MRAM-b/U9K»*a*nfcT- 
* 14, p n mS?**- K 7 £ M T J 8 1 «&K(c9Ktl 
*Wt*-b>X-r*CttcJ:yHS3SiiliJ*ti*. a&\ u 
fPHcfiM R A M-fe/U 9 if * h >*;U«at!j«KJCSttl* 
©T\ MRAM-fe;U9©i#iB»*/Jx4 , <-r«Ctfi { T 

i*So 

[0 0 5 9] MTJ 8©A I 203T?«**tl* 

/t y 2 2 ©aHatt, ic*t LTtit^ianftnic 

S^tcftLTSBlc^tiSo 
[0 0 6 0] ^LTs MRAMt/l/9©7-^(i, 

a»w«fey t.tt*fl k ic'j»*^-fe>xwfc#MT j 
SB(catn«t*tca4r*MRAM-fe;u9©«E*t 

[006 1] jtJcKWLfcfcdJEs MTJ8©h>*;l/ 
5i^ti, *6tt«tefe^*y7haSBrttf*:JI2 4(ti©Xtf 

>©sitt ^ uatt©x tf>©tt««jB^ Uttffifcas 
tt&mmm 2 0 *tc^T^< tttz&izmft 

So 

[0 0 6 2] fif^Ts MTJ8©Btftr->*/USKtt % 

y 7 h m&^m 2 4 <t?s^it#s 2 0 ©x exovm 
mve&zmSs fato*. ^©siRi^Pas^i; 

?**«^lCttfi<» «tft©]&|q|tffi3*7***lB^Ktt 

K&5o **l«»3l» MTJ8©jBmft/J\«at?C= 
2 TfttfM R A M -feib 9 ©7 s — $i ^Hc^ffiT C £ 

So 

[0 0 6 3] afc\ -bVXWti«8ftr*8tlSltt*lST 
MRAM-fe;l/9©J«fb©tt«(Ci»*4jiaL\ $ 



WIS) Z U V Z~ Z 3 I i(U4 



fc. MRAM-b;l/9OK*tUL/»#a*lE*03iaiB« 
fck 07 SfcgiUfclf v h*i<fc7- KISWDT'U-f©*? 

[0 0 6 4] <«*jX^Bj^F>J-XT, MRAM©«#& 

[0 0 6 5] 137 71*, H7 5[uTt)<t l JtJl/7U'f 
"7-FII1~3©»ittt, 
tl7- K«»J8PIII»5 3««*tU h^4~6<Di^ 

So B7 8®KI!ll<DflK£IS3fcik 7-K«1 

~3£7-R£WL 1~WL3, fc?'* H*4~6*lfy 
hJSgB L 4~B L 6 £ LT/^rJi^feSSc 
[0 0 6 6] *-LT, •7-K»1-3fi«fetftfy h«4 
~ 6 ©£j£fctt, ffiSE#7«* *l« M T J 8 £ «fctf * 
<f *- K13§T-i*ft5 p n K 7 EH* 

[0 0 6 7] CCT\ 9-K«1*«fctftfy h«4*H 

«r *a^*su&r s s mra 

Mi?;U9a?b«!**l3o 

[0 0 6 8] W?*tlfcMRAM-fe;U-b/b9a(*» fcTv 
hli4*SHx*«» I its 7- Fill 1 «SKft3*3fc I w 

[0 0 6 9] «3K I Bfc<fctf I W©£t56fr-75;bMr/l^i 

«rt?Jii»fc:«s=T*«»fck mtj soy 7 hmttt 

ttl 2 4*;U©Wb©afc£***©(c#fift8WJ: »J 

[0 0 7 0] ftlPX* ¥aHR-fe/l>W5MRAM-fe;l/ 
9 b~9 e (7- K»6«fctf fc?v *3k I ' W 

[007 1] Lfr L&tf 5, VSR I B&W ' wfc<fc*» 

[0 0 7 2] ■fe;U9a©y7h3S5S14flE^2 4© 

«3K I B fi«fctf I i<^4<tt.-*(i, 5K^lR]tc 

v h1MHj0l2ltt5 1 fc7- K»mP@»5 3^20^7 
■tfftiMrftTV*©"^ «SK I Bfccfe^ I IBB**** 

*atoiRi**aE?Ls c t 

[0 0 7 3] H7 8ttbfy h«4~6 (tfvH8BL4 
~BL6) S«fetf7-K«1~3 (7-RSWL1-W 

l 3 ) ©rnnfc jctflt*©* -r 5 > -7^ + - h *m lt 

[0 0 7 4] 07 8te;jVr«fc3te, f f ii^©t*y h 
SBL4~BL6 (DW±l£s W3)&lB0tetcm-(DtC» 



~WL3©WEtt«EVb<fcy**<» fro, IE©«E 

[0 0 7 5] **>/tTPSfctt % iin5<D*El*r^T 
©-fe/U 9©pn K 7 izM/WTZtffrfrZ 

[0 0 7 6] <SI*{fi UftfE>*{C* MRAMO^JU 
LHrf^(CO^TH7 7£«fctflS7 8*ffl^T*5(CKW 
T3 0 B7 8fc^r£5fc7-KttWL1©«E*V w 
*6VbtCT(f» tf-y H»BL4©«E£VbfrSVwfc 
±tf T\ MR* tlfc-fe/U 9 a © p n «S$T-r*- K 7 It 

[007 7] «*WL*tt. #3IKtfy M85£«fetf6 
(*X^>/K«EVb©SST»y» #SJR7- hHW 
L 2£«fctf 3ttZ*>/K*EV w ffl£SW5o 

[0 0 7 8] ¥illR-tr^9b~9etCiJ^Tt*7 

nft^4f-r*-K7tcOVtfffilin*tlS) ©T\ -fezl/ft 

[0 0 7 9] 5»)?-fe/U9a©»S[h>*;Uia!aK«fey» 
hUB L 4frS-fe;U9 a*»oT7- K«WL 1 ^ 
3Stl*-b>XS3S3 0 (B7 7#!B) ©***#>&£* 

*i* 0 e«y hmm\°i&5 1 ©-»**j«r*-b>xiHi 

BHEfcl^T* ■fe;U©2-3©«IHc»JSLT ; ?3l*nS2 

^(Dm^m^m^mmn^t u -tyxm^ttm 

[0 0 8 0] ftfe H7 7©-t>X«a3 0©a»B(*:a? 
fcfcdttx -tryX*3iE3 0ti, MTJ8©20©8tfbtt 

njcffiar* 2iiH©«aQ«B*fir*. 

[008 1] x-^ttfrfflL^ lfyH»BL4t7- 
KttWL 1©«Ett, *n«l©X*>/K«fCR*n 
y t y -fe;b 9 a ©OfbttUtt, R»U LK^t, 

[0082] 

[SWtf JR» tfSiSM] JM±KW Lfc «fe 3 
M R AM-fe;U'\©#*&3WSfcli, hiigt7- F« 

xoyty-t/wctt. -b;b*»«i-sv7 hSBttttti 
©x-r y ^^aassi^ASjHistfss 

»#a*e©a««7jtf*# < ftsti^Hastf 

[0 0 8 3] *aWtt±IB©«fe53S:Bgjaji5*j|l)g-rSfc 

MRAM*stt-r«ct*«i©attfr«o 

[0 0 8 4] $fc, ^*©MRAM-b/l/7U'T7 s t*. 

a< tt. i ocy^y-t^u-f Tflwssns^ty 7" 



■Ffmi z v v z- z 3 i sui 



[0085] *wm, m2k&&vwz2<3>im j t>Tm 
m^im Ltc m r a m zmmtz ztzmKosmtt 

So 

[0086] 

«©5S$ilB1Igfflti, PJgfii7-3SMLT. 7MJ7^X 
f3*Ilfc©lf y hiigtMtBlggfc©?- KHI<!:©£MaU;:* 

n^tiisis^tu < 1 *> 1 o©8Ba v 

Tx MfBHIfcD^y-bMi. MI3*Iifc©tr-:/ h*£©d 
*;© 1 *fc£tfM!3II&©7- KS!©?15© 1 *©H(«: 
^ti^ttlBiS^tU Mt3'J>&< t*> 1 o©5gfi h>*;U 
m©£fi#g^#g&V7H&&tittJI£W 
U M!3'>&<£fclo©$fih>*;l,jg£t;J:, MfBV 

->X*\ MfBH&©tfy h«£<fctffflSEaa©7- K« 
©©£*!&(!:» LT 4 0~5 0jfi©flfi*^-r««fc5K 

[0 0 8 7] *feW(cfiK3n^2SBtt(Dttftei»» 

t5IBi'-v ( -7^'>XtcE^-r«aJ: »J t 

[0 0 8 8] *£rcKft3S^3fB£©tt£iB1gg£ 

lis #»»-rtaiLT, ^MJv***«dw-«a»© 

tfy HM3«fctf«»©7- K*£, «iE«8»Olfy htt 
<tluIB^©7- K*t<03»SK*ti?tiE»*tU 

'3>rz<ti>t -D<own h >*/us£*s«j*s©* * y 

-b/l/ <b ^fiixfc^miB1tgST-S o T. 1I9IB»C<D If y 
hi|g©!f! 1 ©TOte^ftWiSNtoSrtu Mffifg 1 ©aSigp 

s ARii6aaao» i o«i y MtB^a© e 

y M8©3S 2 ©iSffifc^ftWiSlll* *u Mfi3f& 2 ©i£ 

sa&a y Rmaaa»©» 2 ©a y 

[0089] *mmf&m&4wmmiRtimm. 
Mrem ©wyea^atf* UEaasotfy h*© 

?*l©Jg2©±!ifeb\ MIBmi ©S^£J:r>*ji3J[l2 
©«»fcBS«*ftfcEH*«S!©» 1 35 <fctf£2 ©M o 
Sh^y'JXZZGU MfBB2©t^y^^g(i > m 

Eaasctfv h^©E2©4ggi5ic^ti ; fn©^i ©±m 
s#s«£*u *ti«uo»2©±mBtfs Miami© 

«S£ «fctfM!B!g 2 ©WHcSft? ftfcHMWIffl©» 

[0 0 9 0] 4^£^MOT5eR©BtftBffiBB 
[*, MB* 1©*J»J WBWS©tfv h«© 

* 1 ©JS»tc*n«i©JB 1 ©±«stfse*m *n 

«x©S2©±«Sft Miami ©«BH3J:tfiMBSI2 



©«BJE:Ka**irc*^©sa«©»i fi«fco 5 *2© 
Mosh7>^^u s9E«2©«iy»ji#a 

ti. MEMR©if'y h^©m2©S$KWF*i©Sfn 
©£«Stf«M£tu *ft*ft©3l2©±«Stf % ME 

[0091] *%wimm>m6tm<DMmzmmw 

It. Mf3Sg1 fcJ:0 : Jg2©M0S h^>yx*©*ti? 

tunas 1 ©±«siBfc:jSis**ifc, Miam 2 ©m o s 

h^>5>X*£l5MIMS!©j|S5©MOS h^Vv** 
<fc. MfBm3i5cfcO : m4©MOS h5>5>**©*tl* 
tlS!lffi»1©±«SMtcjett*tlfe» M!BJg4©M0S 
h^>v ; X^«h|i)-^B§y©m6©M0S h^>S?X* 
ME»5£<fctfSS6©M0Sh7> 

A*»3©«Btc««!*n«. 

[0 0 9 2] *%W(<:«3n^S7gBn©BtftlBt^S 

^smt^mlTx Thyy^x**«-rsaa© 
if v mas«fciflift©9- msk fccfeo; MB«R©if 

y HatttEaS©?- K«t©3ai»t«:*n?ftE8a 
**u < £ fe 1 o©na h >*;i/»£*afc*tt© 
**'J-bik T*l«7Jrn**tt©**y-fe/U7'lx-ri:* 

MiBffia©^ : Ey-b;i/7H'jcai«i@»©^-r>7- k 

»t» MIB1fia©^ : Ey-fc;U7'H'©ffl«lc3**5LTE 

n.<t*b'\Q>w) j z)\,T\s4mikm^ mib^is©7 

-K*tt, Mf3^a©^<-1'>7-Kill«!:Ml3^a©>< ; E 

1 ©fia^fo-eisgy- hciUTjjc^nfnsBKstu 

«BB»l©ffl*^to-W^y-h©A*»*, SlSttHtc 
SSMfB^iS©^^^^- K«© 1 ^tMlB^a©^^ 
y Hr/I/Z K 3HR«© 1 *<!: fcjgilTtn§o 
[0 0 9 3] *f|0^tC^5if?R]S8IB«©^fB1igS 

it. M!3'j>& < «t 1 1 ©* t y HZ7I/7' \*4we*nm 
u Mf3^a©^ : Ey-t;i/7 7 b'ri¥i^§^a©^p- 

LTE8S*ftfeaH»©y t y -tr;l/7 U-TSfiS^^ 

»©?□-/ W7- Kaiiffliafis©^^ y u-< 

SlHR«t©SfiBaJtc*ftehK^StifcJI5 2 ©ffl*^ 

b-Bnay- h ©ffl*ic wp*i«*fcr tu Mi3m 2 © 

«*^t)-«i3iy-h©A73tt, ^M^lcfeSME^ 
a©^p-/\Vl/7- K«© 1 *fcMBWk©^t U-bil/ 

z u<s^e© 1 *<t it^* ti§ 0 

[0 0 9 4] *9Mi(ct»Md»a9GK©it»eiKKB 
tt> ^gfttT^MLT. ThUv^X*«WW««a© 
tTy Hte«ttfW»©"7- K«k «B«B[©tfy h^<t 

mibissc©^- K«t©aeawc*ti?ftEK**u ^ 
1 o©jim h >*;us^*^cjaa©y t y -b 
;u-u«*tis^a©^ : Ey-b;U7 7 ui'<h. MKMfc© 



WW z u u z — A i I sut 



m$lO* =E U -tr/UT 7 U-TtOO^ fctt/S LTE1S* tlfcit 

t ^mmi£<D&mmczn?tmi,f<E>ntcM 1 com 
i omfrSttrnm?- h©A7jt*. sm^k^m 

[0 0 9 5] *HP^^^§ff^1 0fBtg©^!B1fg 

s«> tufB'>^ < £ *> 1 ©* ^ y -tii/7 7 ^wzmrn 

/Ol/fcfy h!fcg<h, Mf3^f&©*^ y-frUT'U'fP©^* 
tc*tf& LTEIS^tl/cMfc©* ^ U -feJUT 7 b-<P3itR$| 
££*SU:£U BulBMS^-Otfy hiUti, 1513*1 

oi/ try h mt tttm&o* =e y -tz;u;p u-r 

FUYSSIMg© 1 *tU:^Si*tiSo 
[0 0 9 6] *aW(c«3H*3l1 1 1Btg(D^Mf31tg 

si*. lt, * h y y 

©(:'7hi£M«)7-Hl, is«fctf, i5I3H&© 
tfy h«£MIB*a©7- K»t<0SseWt«:*n«iiB 
»**U 'J>& < £ t> 1 ow^M h >*;USS*Sfc«» 
^^y-t/i/?«*ti§y ; Ey-tr;i/7 7 U'r<t, 

«B*ft< 1 o©Kfi h;/*;WSS 

IWB-r UEV7 h3Bfl&M©&Hb©8€ 
[0 0 9 7] ^WKftSflttOIl 2 £«©«$[£«& 

si±s MfB'>s < 1 1 1 ooswc h >*iums&. ME 

»©9-hl*(!!>jat*lRiU:^a-r*«l:5(cER*tu 15 

SltfflBlfiSOtf y h«Sfcl*19Eaa©7- KIIOB& 
SIrKctS^T* f5IB^y-tr;U7 7 U'f'£lD{y 
EK*ftfc3</M*®-f 
[0 0 9 8] *fgB^lC#5fl^3l1 3Ett4)Bl&&ff£ 

©iff nsa3j:tf*a©7- k«u is&Vs rntmm 
try h«ti9iBaao7- Ktttosaegwc^ftWiK 
iss-fts < <k * 1 -ocomm h v*jw*&«rts*R 
©* * y -b/i/T«*#ft**ft < <t t» 1 o©* * y -fe/u 
v'U-rt, MiB , >&<<h&i-o£>p< ; Ey-fejU7 7 U'f©, 
Mi3itgfc©tf y h$?fc<£tfi5!3IIIfc©7- F*D*HHc 
WiWUftttStu f5!3*tlfc©tfy h&££tfi3E&ft 



©7- R£©flM^iSE£S?¥*5tf©'>fc< it, 1 o© 

[0099] *%wimzmmmi 4tm<Dm,mzmi 

R**U Mf3'J>&< it> 1 ow^y^tfy hiUfecfc 
^'>5<Hlo©77'r>z7- K«fcfc % MIBHIfc 
©^y-t/l/Zbf ©EflMoT, ?h'J7 7X^I 
EEf £ J: 5 fc*ft**i«SEIMFft*o 

[0100] **wm*m&'i s%m<m%imm 

Wit. #»»73aiLT. Thyy^X*«WW«Wk 
tfy K»tl31Ba»©7- K«tffl3aiSlc*ti«iE 

»©try hsHfccfcrj-m©7- K»©^a< 1 73© 
i-Dommzznz'nmmti, mantel mis 
<ktf 7- K«©^ft < 1 1 1 su:aai««aE*» l 

Mt::cJ:oTfi7?-r^ / >^<<!:tlo©'r>^^<!:v ^ 

s< it 1 o0*+/t5'*&eflia.Tv«. 

[0 10 1] tRfllcHHtll 6fBK©ISMIB1Sg 
■B« mm'}>r*.<>£*>'l'20'(>?'7Zl!>&T}. DG» 
6<itno*t/^ U bUIB^IS© tf y 

^mc^LTx Ify h«ianc«»ttic»tt*ft*j;5 

tcER*tife«»©» 1 ©-r y*f? * mmm®. 

©* +/\°^ tt, MIB«^©< ^ * ©EKffi t f*S 

JSLT«»«lcSNK*n«a»©*1 ©*+/\ % >^=£^ 

[0 10 2] *^IC^M^1 7f3«©?imtB1ig 
■fcfc, ffllB^ISC©7- hUft 20flWfcftoT«[fl) 

lt©7-KiSfflitifm^{SLT, 7-K«B(c« 

fttttcsas* ti« d: 3 ices* ftfc*s©ai 2 ©<>^ 

^***6K*a^ Huf3^l!{©*+/\°->^ti, IftlBflgft 
©-T >^ * ©ES8« t ttS*f©iSWtfe^T, MIB^ 

a©7- Fao^nwiKWiSLTmsittKjaajfts 

[0 10 3] *^WIC^5«^1 8f3«©?SMfB1tg 
tu SulB'>^ < £ *> 1 o©^ft^ y Z?*W$iT ZM®. 

*5<t> BuffiSS»«g©^fiiJiStcEiS*nv MIB'>^< 
<ht> 1 0©*##:^y Zf£ft : &£<Dms§ft%;%:fiom% 
GSgffl/^>^ts fufB^G^ffl/^^HfccfeaicE 
R*tU tulBJi^^W^Wlcgil^ti^iiSffl/^T 0 



Wlffi ^ u u z — z 3 i yui 



[0104] *w%\m%mmi^ nmommmm 

ntcm 2 (DfctlMmmtZZ 5 KH*Tl^o 
[0 10 5] *?|0^^^^ff5)<3l2 OfBtg©{MM!BlStiil 

y -t/i/z u-r©jiaiiisg£#t> ass? v zr*-$ 6 

fe6tiTMfB3g^F«3lciK^*n§ 0 
[0 10 6] *^0^tc^5M^2 1 fBtg©5Mfi!31Siil 
gli, ^<<ttlo^Mh>^l/^6\ 

«uiav7h3S^it^<h^6\ **u:yt>±*& 
[0107] *mmmmmi2 2%m,<nmmmm 
[oio8] immmzmmii 3mm(ommmm 

[0 10 9] *^l£^3MS2 4f3tE©M*S*5 

[0110] *%wizmmmi2 sizwimmmL 
it. m&mmtfi. im^* < t 1 1 o©5sm h 

[oiii] ^mmiz%m^m2 6Bm<om^mm 
it. mz&mmn\ mum < t$> 1 h 
g^cDTgptciBis*^ p ng^^f %m 1 asms 

^FM%)S 2 S«§U^F«S £<D 2 MB** 5 K#A, 
[0 112] *^tC^^W5R^2 7t3ls©5Sttttg*£ 

mt^iM^SO I Sffi±fcfu!B£lli££LTl^„ 
[0 113] 

[^©^©flSH] <A. SS£©H^1> 
RAMI*. MRhM&\>*MM?%V7Vmmfom(0 

-50 Jt©£ Wkt>.? <fc 5 ^ M R A M-fe/l/*E»T § £ 

[0 114] <A-1. g«*M> 
<A-1-1. MRAMt;KDi)?E>Sf, MRAM-fe 



KSfMRAM-feiUMClk n+i/';3>11 Ofc^tf 

[0 115] ^Lt\ p n F 7 ©±35fcti 

* V^7>X$ y F 1 2 #ER**U p n 
-K7tt*>4fz^>x*.y K1 2*^LT«»h>* 
/l/S-n (Magnetic Tunnel Junction : MT J ) 8£Hft 

[die] mt j 8immmmwj. T^em^ 

S£ (Pt) TMja^hS^vru- 1 5 ($UP1 

onm), n \ &-\f eigoji-^nj-effimsnzmm 

ttttttttJII 6 (MJ14nm) , Mn 5 4Fe 4 6T«* 
ft3£181£ttJI 1 8 (Mm 10nm), Co F e*3l/> 
t*N l8lFei9©/«-^P-r-WI«**U BSffcSfitfll 
S**lfeSU8ttftJJ2 0 (HJJSnm) , AI 2 0 3 ?1 
$**T.3r-;/*;l/A''J7'JI2 2, MJS2nm©CoFe 
<kMJp2 0 n m©N i 81 F ei9©^Jiit"P«l«*tl«y 
:7r-£5g14ttjf 2 4 x PtTMftaWTft*ii>**Hi2 
5 &ffi3.TV3 0 

[0 117] MT J 8*£i6TMRAM-b/UMC©*FlB 
»Btttt*5»W«J, *flMBfllC¥ffft*fltf» V7 

(hard axis) ch&So 

[0 118] <A-1 -2. ft3fc<DMRAM-tr/U7 7 U-< 
<0B»a«a*>H2fc, »©MRAMWK©¥ 
iB*J«*^-r. fefcx MRAM-kjl'MC1ttffl*tt£fl 

[0119] ■2(catr«i:3K» s^K¥fTKE»*ti 

fe«»07- K«WL 1 ©±»(c*t^T3air*J:5 

stMc¥fTtcEsa*ftfcaa<oify ksib l 1 #s 

[0 12 0] -f-LTx "7— KW5J:tf h^T^Stl 
^t#y) MCljtWBjaJtlTL^o ftfc. #MRAM 

*;i/M c 1 jc«iCftK^-r5eaitt» m r a M-t;uM c 1 
<dv7 \>mm»m 2 4®xtf>o*iRi*^LTfiy , 

H2(Ca?-rz*>/K««TH:^T©MRAM-fe;l/MC 
1©X£>£|R]tf£|R]*£&oTV3o MR AM 

•b/uM c 1 ©«mti, fii^idn 1 icsr^t y -t^M c 
fcBW4r*tf» co«i«(ciBi**i«toifnifti\ 

[0 12 1] B3tt«aE©MRAM-b;U7 7 H'Kfi^ 

Tx »*a*©tt«*aa«iK^r¥iiiiaT?**. * 

fe. JWTfcasi^Ttts MRAM-fe;UMC1tcffiaWtcM 
CI a, MCI b, MC1 c©»»«H*LTEffll"r*Ji 

[0 12 2] »*&*P$fc % T 7 KUXaHR*fifafctt© 



WIS) Z V \J Z~ Z 3 I S/U4 



httiWft) (J:ffi3£©*3lE£3lETi, tf* • tm-;u 
(Biot-Savart) ©SsBKcfcy, WfcCflyfcttBWtf 

[0123] ecr fcfv h«®JIU(c9i£-r«ltlMc 
hx, 7-K»ojayfc«s-r*«isi*Hyi:-r*. * 

*tl«lWL 1 afcJctfB L 1 a <t LTiSfiBTSo 

[0 12 4] &i>\ H3Jc£lt«*at©aEtl«*lRltt» 
SJRtfv f-fclBL 1 b£;&lvCttTfr6±& 3ii}R , 7- 
KtlW L 1 a fc^TfcfcfcfrS*?**,, 
[0 12 5] IHR?- hHWL 1 afe«fctf3HRtfy h« 
BL1 bfcm£©«»sarr£, Po!S£©£MS5 (jltRT 7 
FUX) rttSBffilHx£«fctfHyi«g^-r*o £©*££ 
■tlWSantftl*^ JMK7-KHWL1 a 
tfy hl»BL 1 bOSaSaPKBWtrtlTL^MRAM-b 
/UMC 1 a©V7 hSH8tttWI2 4<0«KkflD*iafl t JB<0 

l^Ttt, MRAM-fcJl/MC 1 afl)Xtf>*|Rlfl«9 0JBtt 

[0 12 6] *LT, •b;WBttJcj:ssafka*ttic«fe 

y, •<-5?-7^5'^©s^xtf>tf[HiiK-r*fci6. « 
&mztex¥>im& d 8 0^0^) rsctica 

[0 12 7] -75\ *©±TtnteSr«'7- K«Sfe«fet/ 
fcfv HSO-SfcL^SKStfaitnT^S^^SJR (half 
-select) 9-b;U-p*SMRAM-b;k rat>-SH3(;: 
ijVfs }tgfc©MRAM-fe/UMC 1 blCfcl^Tfc, V7 h 

&m»m 2 4 ©7. tfvtfiais-r sfetctise^ 

[0 1 2 8] ftfc jHRfcTv hiHB L 1 a lC<fc**IgC© 
¥3HR-fe/UMC 1 ctt, SJRtfv hi^BL 1 aaAUK 
aSf*8WHxtf, ■<-5>-7'*5'X©#Ir]£EI:? 

[0 12 9] H4fc % Xtf>*fifi***<O(C<03K:« 
WH k*. IttfP-H xiHy £©*S£8ff-CT&8T3»£ 
©±K3«!M)H*£3Vro H4lcS^T«M(cBWH 
k£, «e»tE«ISlHy*^LT^*. Sfc, SMHMr 

[0 13 0] 
QK3] 

2/3 2/3 



Hx + Hy = Hk 



•(3) 



[0 13 1] B4fc£tt*|fi«fcl:7'X^P-r KSHftti* 
^*n§o ^LT, BUlHktfTEBBe (4) T**ft 

[0 132] 
HR4] 

2/3 2/3 



H« +Hy >Hk 



•(4) 



[0 1 3 3] k#TIB85£ (5) 

V7h3iifiSttf*S2 4©Xtf>©75|p]li!S«#* 

[0 134] 
DK5] 



2/3 



2/3 



2/3 



Hx+Hy <Hk 



-<5) 



[0135] mswm i ©fliyjc:«4rsaM!«jSB 
it • tf/t-zuosaifrsatcs (6) *a*n 



[0 13 6] 
K6] 



I 



B<R) = -5-~ 



•■(6) 



[0 13 7] CCT\ fitt9tt*. RttttlfrSOE 

(7) T?a*n*H«tJ:*S 8 

[0 13 8] 

[»7] 

B=aH -(7) 
[0 13 9] ftoT, JKTOftS (8) flWyfiO. 
[0 1 40] 
[»8] 



H (R) = 



I 



2x 



••(8) 



[0 14 1] ±E»5£ (8) frS, BtftH I 

*Tif*fctt, xe>«Eis*tf*©taEfsaBWH k 

*W*Ct, Tftt>*v Hx + Hy*ft*"?</J\*< 

[0 14 2] ««H#5tt±aLfe«a5SII5©«Wfi:K^ 
l/*T, ^WHk^gM-rSiI<!:^T-#SMRAM-l2;U7 7 

[0 14 3] <A-1-3. MRAMWK©IS 
as«fet«Blff>H5^ *^©SJS©H^HC#5MR 

<fc?K, S^K¥fTfcER*hfc«R©7-K»WL 1 

rcaascify h&iB l i tfEK*tiT^s 0 

[0 14 4] *LT» 7- KfifcJjtf fcT'y h!H7«Stl 
5#55*tCMRAM-t;l/MC2 6^M*tlTl^o ft 
ii, MR A M-t;l/M C 2 ©Mi, flJxtfH 1 (Ca*T* 

[0 145] H5(ES-rd:dU:, -f-5>-7'^^X6\ 
tfy KfiS<fctf7- K»c8LT4 5fiffl< <fc3fc&M 
RAM*;UMC3tfEBKf*lTl/*So ftfi* ♦flltefcl^ 
Tfi, 7- K«8W L 1 LTIi**l*±K 4 5 Sfflf 
TEBHFftTl^*©^ El 5 Ic^TX-Sf >/Wtt«7tt 
^T©M R A M-t/l/M C 2 ©X fcf >*fi]#&»tt±©lRl 



[0 146] EI6t;J:MRAM-t?;U7 7 U'fMA 1 0©»* 

fcl^Ttix MRAM-t;UMC2^fll:WlcMC2 a, M 
C2b, MC2cO«W*f»fLTEai , r«Ji^ti**o 
[0 14 7] KSSSWL 1 a J3J:tfiHRbfy h& 

bl 1 bjcmsowatsii-rt, mmw3m& (mu> 
kux) -pttttiisiHxfijctfHytfe^-rao ■ 

6 fc£tt*mS(E©3H'i3#lRjfck SJRtfv hiUBL 1 b 
lcfe^TttT**6±(c, 3HR7-HiWL1 a(Cfi^T 

[0 14 8] E®*S£at!Wfltt**l*£, 
iWL 1 a£<CtfiHRIf9 h*SB L 1 b ©££»£»■ 
*tlT^5MRAM-b;UMC1 aCDV7 h3II1tftI2 
4©»fb©£lS#Ji©iiirt?lHlKU x-*©»#&* 
tWftotlSo EI6lC*J^Tte, MRAM-fc;UMC2 a CD 
Ztf>*lR]tf 9 OJgJ-X±0$5LT^*tlTl^o 

[0 14 9] f-LTs -b;WBtttc<fc*8Mka*tttc<fe 

IftHfcttXfcfyttfifi (1 8 0 SEME) f3C^(c38: 

[0 15 0] -7^ *©±TKffiS-r« , 7-K«fe«fetf 

ft&MRAM-feJk ra*)-6H6tC3?-r, «B»OMRA 
M-fe/l/MC2 bfc<fctfMC2 c lEfel^Tfcs V7 htttt 

IE, #WHTO*tiT^*. 
[0151] EET, h^lB L 1 a £<J:341ft 

©*aSWz/UM C 2 c tt, SJRkf y M*B L 1 a ©fll y 

T«4 5fi(ofiijBrsas-r*a)T, B6ic«3vr«j:3 

- KfiW L 1 a (<: J:«ffiR(D¥]SR-t:;l/M c 2 b fcoi/* 
[0 15 2] <A- 1 -4. *0ffi(D«j80!>H7fc, 

mmwm 1 ©^©fa©*^^ lt> m r a M-tii/T 7 

^fcWrfcEBSftfcaS©?- K«WL 1 (0±mO3 

^z&mtz «fe a ic, s^tc3MjKHR#ftfcWte>e 

vhttBLItfEKStiTl^So 
[0 15 3] ^LT, 7- Klte«fefflf v MJTCftSn 
««3SjSKM R A M-tr/UM C 3 iWBjfcSrftTl**. & 

[0 1 54] H7tca5r«fe5K, 'T-v ? -7'^->7.6\ 
e-y h«as«fet57- Ktttc»LT4 5ffll< <fc3te*M 
RAMfc/UMC3tfE»**lTi;>3. &£, 



Tl±, 7- RSWL 1 (C»LTI4*«*T(i:4 5fflSJt 

TERS-nri^o^ si 7 icavrz* >/WttMrc?i* 

£T©M R AM-tr/UM C 3 ©7. tf >£|p|#£j&d&T©lRl 

[0 15 5] H8fiMRAM-tr;l/7 7 b'fMA2 0(D»* 

fiWIi, MRAM-fe;UMC3fcfflIM(CMC3a, M 
C 3 b, MC 3 c<0«HtSf!fLTE9J-r«a^t>**o 
[0 15 6] SK7- KttWL 1 a fcJlfiSRtfy hiH 

bli aicms©«ate»rr£» Pi»©xsa5 (jsjrt 7 

K U70 T'ttSBP HxfiiffHy iteST S„ 

[0 15 7] H8fc£tt5«3S©3IHl*SG]H\ 

StURtfy hfctB L 1 a KiJ^TH:TfrS±UU 51W7- 

K1WL 1 a (caS^Tt*fe^6*T*«o 
[0 15 8] COe^«ISlfl«ffijP**lSt % ilK7- k 

iHWL 1 a*«fctfiHRif *> hsb l 1 a o&mmmm 

StlTl^SM R A M-fe/UM C 3 a OV7 hSSlttttfUl 2 

4®«tfbo*iRi3B t »©iSrtT?iasu x-*©»#&* 

#ffbtl«. H8fcaSL^Ttt» M R AM-fe;UM C3 a© 
Xt°>7J[Rl^9 0«tt±laBELT^**lT^*. 
[0 1 5 9] ^LT. -fe/WgttKJcSJifkJlSttK* 
'A -<-5?-7^">X©^Xlf>3H<lHHEr*fc»» ft 
UttfcttXfcrvttfilE (1 8 0jfflaKQ T^Etlcfc 

[0 16 0]-*. B8fcST¥^-fe;UT*£3iia© 
MRAM-feJl/MC2bJ>J:I>MC2 c Kfcl/'Tfc, V7 
hiMtttttJI 2 4 ©X fcf >#lBHEr«^ JS&lcti^e 

£i> <fe a tc*«at^ bis* hTi^s. 

[0 1 6 1] <A- 1-5. MRAM-fe;U©Ef£75lR]© 
«Wb>3WE, H9~H2 5*ffl^Tv M R AM-fe/l/© 

[oi6 2] s-r; ts^sttffH kte«fcyxtr>o*ia* 

[0 16 3] 09fc«fctfEI1 OlE, H2(C^r«aE©M 
R AM-b/UZU-f tEfi^*»*a*l^©3H?7' KUX© 
MRAM-t;UMC1 a©Xt:y©*|Rlt» W&J5ln£ 

[0 16 4] H9£J:tngi 0££(.v?« liWHxfcd; 

tfHy©*$*tfi^i:Ji^*«£-r«t» xtfvifi^ 
?^#h kmmm&ei= 1 3 5^<t^§ 0 

[0 16 5] S/c, Ell ias«felfH1 21C, 05^-r 
MRAMtJl/7KMA 1 0 (c£^^tt$^l^©aR 
7 7 KUX©MRAM-tr/UMC2 a©Xt°>©*|R]t, f- 

To 

[0 16 6] Ell ia3<fct?H1 21CJ5^T. 1#HxJ5 

[0 16 7] $fc, HI 3£«fclWai 4[C, 07lC^"r 
M R A M-tJl/T U-TM A 2 0 ltfcltS*#a*Rf©aR 



■ffm z v u z — z 3 i y u 4- 



To 

[0 16 8] HI 3 35J:tfEn 4(Efi^T, ISHxfc 
J:tfHy©*#*tfEWI££SU&r3£, Xtf><tiSS 

[0 16 9] 01 stcs e^atfsiHkt, 

xfccfctfH y i©BBR*3*To JI©ia^i04lCfc^T 
7X7n*KBtfl£LTwLfc*©fcHi;?**j& I 
Hx I + I Hy I =-jet^3*fFFT, Tftfe*, - 
£©»*&*W»£l/^*fFF^ 77fPY KAMLh 
©KISmxfcJctfHySSia&at, H x = H y = H k/ 
2V~2©§S&##6*13 0 

[0 17 0] E*Uc»-3W-tf, 09fc<fctf01 OfcaiT 
^5K<DMRAM-fe;l/7 7 U'r^*5^Ttis !S^«#HktC 
<fcyxtf>£tt1 3 5fi0fi**, *EfrS1 8 0jg$ 

TV*. 

[0 17 1] 01 1 JJcfctfHI 2(C3?TMRAM 

■b/uT'u-rMAi ok&iv?i& ^iias^atisi©*** 
*»tt*siffl lt*>, xtr>#jEisr*<r^3 www) 

«®TS§c «10>;L MRAMWUMA10(D 
*g/?g£$3ii£fc |fc H x Ism H y <fc U t>=g=F* 
#<LT\ Xtf>(D[£ll£S02 : &9OJgJ.X±tCfSi:<!: 

[0 17 2] tt& 01 3£«fcl?H1 4(C^-TMRAM 

[0 17 3] *»C g»H kib^DtioTtXtfV® 

*«a#-r«tS^«ISlH kO^OBM^HI 6~02 1 
icaSttfcST. 01 6-02 Hi09~01 4 

[0 17 4] 01 6fe«felfiai 7(Cfcl*T\ I#Hxfe 
J:tfHy©*#;*tfHi;JI£:&«£?-;5i % *t?>£*g 
£K»h kfl«ft-rftJS(*0n=4 5Stfts„ 

[0 17 5] 01 833«fctfB1 9K£lv?* $#Hxfc 

[0 17 6] 02 0£J:tfH2 1 iCfc^T* fiSI^HxJJ 

^BWHktf3a:rftatt0i3=9Ofita«. 
[0 17 7] SoT, 01 6fcaVrfi£*©MRAM"t/b 

fc, 01 8^rMRAM-fe;l/7 7 KMA1 OKJSl^T 

fr*>tl**fc 02 0^-rMRAM-tr;U7 7 U'fMA2 0 



y, s$l<sv 0 

[0 17 8] J-X±©%flfr6, 01 3^0-02 Ofcai 
TMRAM-fc;U7 7 U<MA2 0©*8j&££iUBU tfv h 

S LL\ SBHUSfcO^TIS 2 2-025 S«l/>TKBI3 

[0 17 9] 02 2feJ:tfi2 3tt, MRAM-tz;U7 7 U 
-I'M A 2 0©««tcfcL^ 08 fcEttfcWS&DatftS 
£|p]Jb\ SUKlfy hfclBL 1 a tciJ^Tf±T^5±lc> 
HR7-KHWL 1 a fc£l*Ttt£#5:6T*S**£© 
»#a*e©iHR7 KUXOM R A M-fe/UM C 3 a ©X 
fc°V©£|p]<fc, *ft*fiK£tf*e£BlliWk©*GKD 
■**«S»IGRLTV*. 

[0180] BB2 2*«fetfBB2 3Kfi^T» ISHxfe 

^«t»Hktf&fftittte4=i 8ojfitfty, 

©SfifcfilSS- 3 C t T't-^ £»*&fcif£U:S L 

[0181] 02 4fccfctf02 5ti, M RAM-fe 

\W U-f M A 2 0 ©Mcfcl^T. «Sft03lft«*|Rl 

SWIfy h*lB L 1 a ££lv?tt±fr6TI&> SHIR 
7-KIIWL 1 atCfelNTttS^SStttoT^S*^ 
©•^^©JI^T 7 KUX©M R AM-fe/UM C 3 a © 

xtrvosipit, *ft«B#-r*e£^Hk®£ia© 

[0 18 2] 02 2©Ji^<!:J±^T, tfy h«8£ 

[0 18 3] 02 4^^^02 5^*51^ RtffHxS 

£^Hk#ft-rftfitte 5 =ofii:fty» xt?>©:£ 

[0 184] S/c, ®2 233&Xfm2 4<Dm*l<DffimiZ 

LT^«fc»» »*a*©asatffie««i:y*,/jx*<ft3 

[0 18 5] <A-2. ffffl»S>J|JU:Biffl§Lfc«fc5 
K» *»WJC««*Jfi©JK«1©MRAM(Cj:tlHr» M 

r AM-b;i/*««-r*y7 h»5Bttfwi2 4©-r-s;- 

7^5^X*. try h$lfccfey : 7-Ki||^LT$4«)t::4 

o-soE asL<tt4 5fi©ftfisa-r«fc3ffi^T 

tCfett^M R A M-fe;U©Xtf>©*|R|*«l6Jcfi|E? 

»*a*Kj©jH««*«fi«-r«cttf7»*« 0 

[0186] Sfex aHRT'KUXfcas^SMRAM-fc/b 
©Xtr>©*fil*JElE*-a:*«^t, Xtf>©*|^*ft 
«F-r*a^t?lfy UteJjtf -7- F»tc3K-r«3ft©lRl 

xtz-wz^ »#a*©«3S«fiawactt,T»# 

So 



[0 18 7] <B. mm<DMM2> 

<*mfficoBM(oim>*my}<Dmm(DBM 2 imz m 

RAMI*. MRAM^/UZU^Wlfy r-fc££J:tf7-F 

%m®mmmt lt. try h«t«»«EVDD£:&s 
ttrssn ©mos h^>v>7.*<t, ey h^itgiti* 

EVSS£*Sttr3*20h7:/$?X**3*. 

[0 18 8] <B-1. SH«A> 
<B-1-1. MRAM0£f^&>02 6tt#§SE© 

mmmm2 mra MowseOTT^n '^it- 

MRAM-fe/l/7'U-l'MCA,!:, *<OjaiZl0»*^ 

[0 18 9] EI2 6lJ:iJ^T, 5!l7 7 FUX/*y77' (co 
lumn address buffer) CABti, 5IJ7 7 FU7.fI^£g 
ffU fl**J5fe fcSW*, iiiULT^Jxn-^CD 

ke^tSo 

[0 19 0] JUxa-tfCDtt, fljT'FUXfi^&xZI 
- FU t3- KLfc«W?/l/*:7l/*-tfMU XlCffi 

7rrs= 

[0 19 1] T/l^TVy-tfMUXti, 5 S 3-K**l3fe 

$ij®0kc r w 1 teflweaa u fjss^-ai 

»)RlMHslttCRWlfr6tt, M»UU feSlM*. 

urawify muc«e. «^En*p*ti 

s 0 

[0 19 2] fiv'FUXMy^ (row address buffe 
r) R A B (*, tTT 7 F U7x«^£gft U 

[0 19 3] ff7 s 3-^RDttff7' KUXfi^fexH- 
FU ra- KSnfcfrT 7 PUXfiWfcateT?- FI8 

L/»#&^jg 1 frjiaiasg rrwi ic« 

U ?rK*UL/»#a*»HW»|HlgSRRW1*6 

[0 194] S/c. M R A M-fe/l/7 7 K M C A frSijc^ 
(HUfcx-** MRAM-tyUZUl-MCAlJ: 

[0 1 9 5] ft&\ Ify htlOflbSiWcttW^ttL/ 
2 flMslg C R W 2 tfjfttt* tU 7 - Ktt® 
ftJiffiCWmbm L/W1*&fr% 2 $iJD0K R R W 2 

[0 19 6] <B-1-2. MRAM©f¥,«J$>II2 
7W\ BI2 6te35TMRAM05-S» ^l/^TVy^M 
UX, JUxU-^CD, ^xn-^RD, A£ti7J/W7 



7- I OBS^fc^MMco^TOEIBB^LTt^*. 

s/c, mr k uxny 77CAB fe«i:tfff 7 k 

7y'RABtcO^Ttt<Il:W{CBI^**«LTt^o ft 
& H2 7£a*f*tf©MRAMttMRAM1 0 0£Pf 

[0 19 7] H2 7tcaS^T, M R AM-teJUZU-fM C 
At*. MR AM-fe;l/MC IK MC 2 1 > NIC 1 2fcJ; 
tfMC2 2«*LTl^. <Rltl©M R AM-tJl/^K $M 
h (MTJ) tpn SS£$f'f K E5UU: 

««!3-ftfc«J6*# u 127 iz fc^Tfcfc, m t j *rt 

[0 19 8] MTJ *Rr«ifflR7ar©(4, MTJ** 
£lCti r- >*;UfflanL3jM%* < ft y , £V£jEtt#|q)*fe 

i/wssrafci* h yzimm^i* < ftsfc&Tfc 

KftSo 

[0 19 9] MRAM-tZ/UMCI 11*. fcfy h«BL1 
£7- K»WL 1 ^OIRKcK^iJjiMf n^RTXt&StR 1 
1 lo&Zf&'f KD 1 1*#U MRAM-fe;l/MC2 
1 li, tfy h&IB L 1 <h7— KSHWL 2 &©HK1I$IJ» 

«3-tifeRr*aaaR 2 1 nxa?**- fd 2 1 

U MRAM-tr;l/MC 1 2 1* tfy hsUB L 2«!:7- K 
SiWL 1 i©BfciE9JJfiK*hfcpr*fflKR 1 2£J:tf 
^-f*-KD1 2*%U MRAM-fe;l/MC2 2l* tT 
y hJHB L 2 1 7- KKW L 2 t<D®lZW&l®m*ntc 
pSmmifiR 2 2tS*Tf?'f*- FD 2 2£W LTl^5 0 
[0 2 0 0] Ify hiB L 1 fccfctfB L 2ti, 5"J^*aj 
2 $iJSP[H]i&C R W 2 tefc^T* *tl?*l 
NMOS h^Vv^MN 1 1 JJcfeO : MN2 1*^LT 

Ts NMOS ^7»^MN 1 1 JJJ:a : MN2 1©F 
KyillClt ^tl^tlNMOS h7>v>7s2MN 1 
2iJ<feO : MN2 2©FK>«^^*tl, NMOS 
h^>5>X^MN 1 2&\fctfMN2 2©y-7.»|IU:[i 

[02 0 1] S/c, NMOS r-^Vvv^MN 1 1 % M 
N 1 2, M N 2 1 ii«fctfM N 2 2 hBStCf* ^ 
tl^tU NANDf-hNDK ND2, ND333J:tf 
ND4©ai^4^e*l, NAND>f-hND1~ND 
4©^-tl^n© 3 0©A7Jt*?;l/^7U^-9-M U X leg 

[0 2 0 2] If y h|gB L 1 cfctfB L 2 fi. 9!lBE»U 

t/»#a*si i $y@Pii]Kc r w 1 ^^:^5l^T. *n?n 

NMOS h5>i>X-?MN 1 3* WT^JfiSiR 3 1 fi«fctf 
MN2 3, RT«iStaR3 2*^LTKU'r>«EVDDfl t 



yX*MN1 3fc«J;a : MN2 3©KKyWHa4. * 
tl/PftNMOS h^yv>X$MN 1 4£«fctfM N 2 4© 
K > WStf Stt* *U NM0Sh7>i>^MN1 
4fe«fetf M N 2 40y-X«ffiK(4V-X«E 

[0 2 0 3] ftfc\ NMOS h^y^X^MN 1 3fc<fc 
tfM N 2 3©y-XMSfct> "fe>X«3!E©tttii©fcik 

^yxT'yy^&^i/^y u-^-9-m u x tctjfett* n 

[0 2 04] Sfc, NMOSh7>^MN1 3, M 
N14, MN 2 SiJjCt^MN 2 4 (Of — bWMfclts * 
ftWU N A N D y — hND5, ND6, ND7£*tf 
ND8©tU*3b^?L6+l, N A N D J f— h N D 1 ~ N D 
4©^-n^tl©30©A^Hi^;b^yU^tl-MU Xltg 

[0205] 7- K«W L 1 «fc tf W L 2 (4, frffi&H] 
L/»*i2AJB 1 frJSPESg R R W 1 icfi^T, *ti?*i 
NMOS h^yv>X*QN1 1fc<fctfQN2 1 *^LT 

Tv NMOS h^y^X^QNI 1fc«fctfQN2 1©K 
U-f VWBEtt* **l«XNMOS K5V3?X*QN 1 
2fi«fetfQN2 2©KH'>®itfSag*tU NMOS 
h^yv> % X*QN 1 2 JicfctfQN 2 2®y-XliKtt 
y-XSEVss^^SftSSS/StftoTt^o 
[0206] $fc, NMOS h^y^X^QNI 1, Q 
N12, Q N 2 1 JJcfetfQ N 2 2 <D<f- bW&ttfrr=l 

[0 2 0 7] 7- K*W L 1 £tfW L 2 fcfc, ?rK*il] 
L/»#ii*» 2 MfillalK R R W 2 K&W, *tl«X 
NMOS h^>v^£QN 1 3£<fctfQN 1 4*^LT 
y-X«EVss#4*6ft5*M<hfto"Clv3 0 

[0 2 0 8] ftfc, 12 7m MRAMWKM 
CA£2fT29J©-fc;U7 7 bY<fcLTl^7ti\ frtfll©^ 

-rxtt, ctncBBS*n«t.©?(*ai\ 

[0 2 0 9] <B-2. ggft#>J.XT> 02 7-02 
9*It^TMRAM1 0 0©l&mEOl/»TBWrr«o 0 
2 8 14, Rfttf] L33 «fctf»*&*IS©, M R A M 1 0 0 
tca3tt*»«t3!H3 JitflBE©* -f 5 y 

[0210] H2 8K£^Ttt, -feyx«af©*-r5y 

?**-h MR AM-fe/UMC 11, MC2 1, MCI 
2 ©*#&*£ «fctfl*3WB L£M LT©, 7- K&fc «fc 
tf t?v httl«:52.6tia«E©*-r5y7*+- h£ip 

NMOSh7>WMN11, MN1 
2, MN 1 SfcJctfMN 1 4©#^©'7 s -hS®C^x 
6*l*y-h«EVi% V12, Vi3^«fctfVi4©^-rS 

yy^-k nmos h^y-yx^QN 1 K QN1 

2fc<£0 ; QN 1 3©y-h«Btc4x.Sft*y-h«E 
VWI^ Vw2fe*0 : V W 3©^^5y^^-h, fecfcON 



MOSh7>^MN1 3©y-X«EVsi©^-T5 

[02 11] H2 8fc33l/*T» 7-KlteJ:tflf 

<y K«©X*y/Kl3©WEfcMIEVw*3«J:tfVb£ftc> 

[0 2 12] ^MRAM-byWCfctpnS^^^-Ktf 

astw*©?* xty/wmicimmv'f*- k© 

P n8££&/K7'X#l$ijn;**l3<fc5£, 7- Ktt£ 
<fctf Ify h«fc(«EVwaB<mVbtfBJin;Hi3o ft 
3b\ H2 7ISSr«fc3lC *^-T*- Ktt-7- K«K* 
y- K#Stt*ft3«fc 3 fcMrtSftT^S©?. v w > 
Vb©M««kft^ J: 3 tclS^* ti^o 
[0 2 13] WTteSL^Ttt* BEVb=y-X«EV 
SS<tS£LT, £y h!HB L 1 ©ftlfiiPfco^TIHET 

So 

[02 14] <B-2-1. X*V/Utt«>H2 8lc: 

*srr«fca&£» 02 81c3VT4o©nmos i^y-y 

X£MN IK MN 1 2, MN 1 3*J«fctfMN1 4#E 

[0 2 15] TftfcS. X*>/WWElt NMOSh 
^y-yX^MN 1 1 33«fctfMN 1 3tf*7ttttta*<fe 
5 lZ<f- h ffiE V 1 1 33 «fctf V I3tc y-X«E V SS*%* 
6tU NMOS h^yv^X^MN 1 2JJ t fcO : MN 1 4tf 
tyymttt&oXZ?- F«EVi233«fca ! Vi4(C KU 
<ymEV D D6^6tlSo 

[0 2 16] NMOS h^y-yx^QN 1 ltf* 
>ttlBta«J;3»cy-h«EVwi*ai3WU NMOS 
h^yv-'X^QNI 2tf*7tt»tft*«fe5JC^-h« 
SVW2*WSPU NMOS h^y-yX* QN 1 3tf*7 

w&ttt&^z?- hBEv W 3^MD-r§o 
[0217] ftfc\ nmos h^y-yx^QNi Itty 
-x«stf Fu-ry«Ev D Dfcie«*nT^*©^ y 

- l-«EVwit LT14VDD+ A V D D©«E^Q]J]D-r5o 

;int4 h^y-yx^©L*iMi«EiCcfc§«Ei^T^ 

[0 2 18] C©tg«, tfy httB L 1 fcttV-X«E 
VsS3bW^.6tl, 7- FHW L 1 izlt KU-ry«EVDD 

[0 2 1 9] <B-2-2. »#^«^1 (7<h 
1) >MRAMHr/UMC1 Hcf-^ rij 
Utr>©*ia*fiC*-B:*) «R9-F«WL 

i tajRtry hUB l 1 ic«3k«3Kr£«#ft3. 02 

7 to^-f M R A M 1 0 0 Tt4, Ify htt©*(i:)R*lRlfc 

[0220] c©«^, nmos h^y-yx^MN 1 1 

33«fctfM N 1 4** >WMtU NMOSh^yy'X^ 
MN 1 2j5 £ fcO : MN 1 3**7ttffifr«o fc/cU N 
MOS h^y-yx^MN 1 1 liV-XlIffKl/YVl 



Wffil^ uu/-^3 i y u ^ 



VDD+ A VDD©*E ; &Enlin"r§o 

[022 1] SKDSSS, tfy htBlB L 1 «3Ktl3*3E I 
BTt*H2 7 ©±#ST^fcfr oZmSC£fcft* 0 

[0 2 2 2] NMOS h5>v>X£QN 1 1 Ji<fc 

tfQN13S*>«ttiU NM0Sh5>5?X*QN 
1 2**7tWtr*Ct?, «R7-KIIWL1ICI* 

5o NMOS h^>v>X$QN 1 IttV-XWItfKU 
-0«EVDD»C*6tt**lT^*©7»s MIEV w 1<t 
LTttVDD+AVDDO«E*aiin-r*o 
[0 2 2 3] ECfcdlcLT, K«WL 1 

tfiHRtfy HRB L 1 *3fEft3«3jE I WD*«fctf ' BTfcE 
HrSlSEfMCfcU* M R AM-fe/UMC 1 10MTJ0V 

[0224] <B-2-3. K&ttiURIBl (U-K 
1) >MRAM-fe7UMC1 1 Ic^i&Sftfcx-* 

rij *Bg»fflr»^, MRAM-b/l/MC 1 10Dm 
- KD 1 1 K©*|lIMV T'T.fcfMl U -b>X«a I SC 
tatf. C©-fe>XKtlSC^MRAM-fe/UMC1 1* 
SKtlSfctTv h*£B L 1 tf«E»T*fiC-r. £©*E 

»to***Tt-*# roj & rij 
[0225] ^r-r*— kd 1 1 (cw/^7 , ^*aiiinr* 

fci&fc, aHR-7- KfiWL 1 lc*EV b £. iSRtfv h 

hb l i [cnKVyzmmtz* zowmzmiTztc 

bbtC* NMOS h7V^*MN 1 IfiitfMN 1 3* 
tVVmtLs NMOSh5>5?X*MN1 2fe*t?M 
N 1 4**7tt«trSo 

[0 2 2 6] fc/cU NMOS h7>^WMN1 1 £ 
J;tfMN1 3tty-XM#VDD?&«4>?* MtE 
VnJJcfeO : Vi3<!:LTVDD+AVDD©«E^EPJ]P*n 

[0 2 2 7] Z.O>t%s #5IiR7 7 KU7.©MRAM-fc;l/ 
MC2 2®pnie^^*-KD2 2(Ctt, WU77> 

(7- K«W L 2 fc«E Vj^ tfv h^B L 2 tC«E 
Vb) tfBtoS-flfcSSWJ* ¥fflR7 7 KUX©MR 
AM-fe/UMCI 2aS«fetfMC2 1flD^*-KD1 2J> 
£#0 2 IfcttWfcgitea.Stlt* (0/W7X) , M 
RAM-fe/UMC12, MC2 1£«fetfMC2 2tC«at(4 

[0 2 2 8] CC?, flTSSKRI 1 (Tftt)*MT 
J) ©2 0©ffiffiffl©?-5, Slv&©ffi£Rm fit^S 
©ffl*R[.fcf 3- 

[0 2 2 9] MRAM-feiUMCI 1 ®^y-fe/l/*%ft 

5-fe>z«at i sc^ mtj ay&sm crafe-SRnea 
kri i©#o icfcu MTj©aas/j« 

RHfc<J:tf RL©£*©-fe>*«8IS©ffi£ I L*«fctf I H<t 

rs<^ rh>rlt-s^<dt\ i h> i L^isyitD. 

[0 2 3 0] M RAM-fe/bM C 1 1 fctt-fe^XWfctfSfc 



tl^fctt, NMOS h7>^MN 1 3<DV-XWM 
(7jU*yu*-*MUX{Cj£«D ©«EVsi«\ KU-T 
>«EVDD«tyt>fi"FT*. 

[0231] zcowKmrFimu i- y*)Vffimic&m 

U E©»T*E£T/l/?-7U*-y-MUXfcS£*l3"fe 
>XZ>yT#fi§^E<hJtKLT> x-* rij «&tfj 

[0232] <B-2-4. tt^j^KHO (^fh 
0) >MRAM-tr/l/MC 1 Me?—* roj 

ue>©*fi*«a*-rs) »*a*tt88io« 

^tl&SOli, «RfcTy KJSiB L 1 *atti««3HOS 
fotmtlS.Z&T!1bZ B ztizmmtztcib. NMOS 
h7>^MN1 1fiJ;ffMN14S*7«iiU 
NMOS h7>WMN 1 2fc<fctfMN 1 3£:t:/tt 

[0 2 3 3] £©«*, bfvh«BLl*SHiS«atl 
BTtiiI2 70Tfr5±^lR]6^T3&*i£C£l;:fc3 o 

[0234] <B-2-5. H»lUUICftO CJ-K 
0) >MRAM-b;l/MC1 1 Kmtil&tlftT 1 -* 

TOJ *tt*Wr»£, NMOSh-7>vU*MN1 
K MN 1 2, MN 1 335«fctfMN 1 4©ttfB4» W* 

uurbi (u-KD mcT&Zo tcteu m^-ta 

TOj ©1I£© NMOS h5>5>Z*MN 1 

3ffly-xtiffliEV S it, Wfr-mtT-Zl* rij 

©gfb^ (Rh-Rl) /RL©*#**W8£*#<ft 
5o «EMAV6^lMi£-t>XZ>yT^aj7#5 

#BgttEtc^r^^-$»^* < r^<DT\ mmm 

[0 2 3 5] CCT\ H2 9fc8BKh>*;W8R©£flS 
*©9ai«EttStt^r. H2 9(Cfil^ «M(CM 
T J KEPfiQ-rs/KT'T.BE^ ffittlcfittft h>*;WS 

*s©Sfb* { (rh-Rl) /Rl> fta**. as, in 2 

9 fcli, CtlS -efcBKia L/c M T J Tfc* h ^ U 

7! £ 1 S#r**SB»l h>*;l48^to^T©1*ttt 

<k h >*wx V7m*2 mm?z> 2 mmn k 

/U«^tc-3l>T©1#tt*«fti:T^ LTl^o 
[0236] B2 9frS«*J:3fc, (*»J:tf2» 
SSM h >*lV8&fcWmZWE»0. 1 Vg^©i 
Mfth>«iUffiK©»b«tfS*R:ft«. ftoT, 
BI*aL^c3HRey hiHB L 1 IZ.W1]\\?%WEV 
Wt^ pnS^4f-r*-RE0BinS-ti««EJ:yo. 1 
V/c^^«E6^*U\ £©WB*. NMOSh7 
»*X^MN1 ltMNI 3©^'-hSEVDD+AVDD 

©fifcuarr * c t tc «fc y § 0 

[0 2 3 7] CCT?, 2Wm&b>*llMt&amORO 
l^H3 0S«^TKWT5. H3 0(£^-TJ:3lc % 2 
fi®m h >*;M8^(4 % m 1 A F 1 % BUI 

ttfMFMK SB1 h>^M'J7ITB1 x V7 h3S 
SflBMIFMS, S2 h>*/U/^U7 7 JITB2 % ^2J5 



SttttttJIA F 2 tf«R*ftfc*J«*£LT^*o 

[0 2 3 8] CO«fe-5ft*riitcfe^T, SBlfe«fctfS2 
£®5ffl41*S A F 1 £«fctf A F 2 OSfTA£J:tfT B 

ratcmEvx*fflfli LfcJi^, m i J3«fctf»2 © k>* 

;U/tU7«T B 1 fccfctfT B 2 

[0 2 3 9]-^ *JKft h>*;We^<DJl^tcH:«E 

h W8Jfi©Sfb*tt» BflmmEtf £'.h* < 
as©?* 2 fisgfi I- >*;l/S£©*tf«« h >*/us 

[0240] <B-3. ffffl«UR>JJU:BiWLfeJ:3 
IE, *«WtCff«*»©JBIl2(3!)MRAMKJ:ftfcP, M 
RAM-tr;l/7 7 U'TMCA©tf ^ HMsJctf?- K«©W 

tf5UK*W L/»*a*JS2#J»0BC R W 2 

1OM0S V?y s j7>* (MN 1 K MN21, MN 1 

3, MN2 3K Ifv M*iWEVss£*»»rr**2 
©MOS V^y'JT.* (MN12, MN2 2, MN1 

4, MN2 4) £*#L7V3©?* NM0Sh7>i>' 

**SJET*C <fctf?i*> MT J ZffiMt%V7 
ttf*JI<DXe>©3&lRl««*(C*MT'**o NM 
OS h^Vv^MN 1 1fc<fct>'MN1 2> MN21fc 
<fctfMN2 2, MN 1 Sfc^tfMNI 4* MN2 3fc«fc 
tfM N 2 4tt, bfy h«©ffl£g|S©&SBfe«. BEV D D 
« § ISiSE V ssfctt »J * A * C t #T't* S©T\ «] »J 

[0241] Sfo *ilE*tii L/#*&*Sfl 1 »0S8 
CRW1©±KJg1©MOS h5>S>X^t*-tr>X7> 

^^fc^/i/^TV^ti-M u xtesaartizvsoT, 

[0242] <B-4. ^«0l>*^^SHJfiOD 
©«2©^WltLT» H3 1(CMRAM2 0 0*a% 
■To a&\ MRAM2 0 0ttH2 7*fflL>T»yBLfcM 
RAMI 0 0 i: {££l3ttl©«f LTfc y , «a«© 
t£M RAMI OOtCfcttSNMOS h7»*X^MN 1 
1, MN 1 3, MN 2 K MN2 3, QN11 Ji<fctfQ 
N2 1, ©ftbytc, PMOS h5>v>X*MP 1 1, 
MP13, MP 2 1, MP23, QP1 MS^XfQP2 
1*KW\ PMOSh7>^MP1 Ifc^tf 

NMOSh7Vi> l X$MN 1 2 ©-?- h Wile N A N D 
h N D 1 1 OtHti^X, PMOSY-^y-JT.'SiM 
9 2 IfcJctfNMOS h7>v i X^MN2 20^-hl 
S£NAND?-hND1 2©ai7J^#X, A*k PM 
OS h7>^MP 1 SJJjctfNMOS h5>v>X* 



MN 1 4©^'-h«Sli:NAND^-hND 1 3©£iJ7J 
PMOSh7>i>^MP23fe<tffNMOS 
h7»'WMN 2 4 ©-if- hlllCNA N D^- I- N 
D 1 4©ttS7J=&4^.T, ^-hATJ^ftfflfbLTl^* 
?&3„ 

[0 2 4 3] 1112 7^-rMRAMI OOtCfc^Tl^ 
NMOS h7>^MN 1 K MN 1 3©, MN2 1 
J5J:y'MN 2 3©^- Mcfcfc, *>tt«lc£^TVDD+ 

M66^NM0S h^V-^MNI 2, MN 1 4, 
M N 2 2 fc«fctf M N 2 4 fcit^T. httttigKfrfr 

[0 2 4 4] LfrLa#6, 03 1 KotTM R AM 2 0 
0(i:£l^?& PMOS h^Vv'X^MP 1 1 , MP1 
3. MP2 1fc\fctfMP2 3£$J3-f3i:<hT\ ? - h 

fcfr#*ftSl*/|\*<as 0 

[0 2 4 5] 3:7c, PMOS f>^>vU*MP1 1, M 
P13. MP2 1fccfctfMP2 3£j5iUB-r£;i<!:T\ N 
MOSh7>^MN12, MN14, MN2 2&J; 
y'MN24 t h A7J©±tS{fc£H3 C £tf P 
MOS h5Vv>X*MP1 1fc«ktfNMOSh^>^X 
2MN12, PMOS t^>5>X*MP2 IfcJctfNM 
OS V^y'JX^tAH 2 2 S PMOS h^Vi^X^MP 
1 Sfc^tfNMOS t-7>*JXttMN 1 4, PMOS I- 
7>^MP2 SJJcfeO-'NMOS h7>^MN2 
AtesO/X-Z (K^-f/t /\>77) *Jg|«U MR 
AM 1 0 0fClk^TjHR«7J*fiaT**o 

[0 2 4 6] H 3 2 te, Sc^tiJ Lfe.felttlSa*^ 
M R A M 2 0 0 lcfctt*«M3ffl3«J;tf WE©*-T5 > 

[0247] MRAM2 0 0tCjJ^Ttix PMOSh? 
>^MP11, MP13t, NMOSH7»7$ 
MN 1 2. MN 1 4©Wftl©?"- hA**J8ifbL 
Tt^©T\ hBEVni>\fcO ; Vi2©*f 
+- h^nU&ftU. Sfcy- h«EVi3fi«fetf V14© 

[0248] Sfc, PMOS h7>^QP 1 1 tN 
MOS h^>v**QN 1 2©y-hA*«6Wfc (P 
M0Sh7>i>^QP2 1tNM0S h^>^X^Q 
N2 2©^-hA7J ; fclII^) LTl^©T\ ^- h«E 

vwifc«fco : vw2©^f sv^^-htfrnjiaa^ 

S*WfeiimiMRAM1 OO^PUTftSo 

[0249] a& MBEfcivrii* SEv b =y-7. 

mEVss, «EVw=FH'>«EVDDt«£LTL' k 
§o -ratJ-Ss MJT©^tt^|gl2 9tC^Lfc : fc©<!:|Il 
C?**»^»t:au KU-r>«EVDDtt#MRAM-b;U 
©P nffi^^-r*- K(cBUB*n*WEfe:0. 1 V^S 

[0 2 5 0] %tc, Hfcl*3**at^ M RAM 100 



A U U A — A 3 I »U4 



ts&v 200 (Dmfrft L/»#a*«o»iHiaH4, $jg-r 

[0 2 5 1] <B-5. gffi^J2>##i0.8U:&3j|J6© 
^fS2©gJMl2£l/c\ IS3 3KM R AM 3 0 0£ifv 
To MRAM3 0 0&III3 Ifcffll^TtHPJlLfcM 

RAM2 0 0<t««'^©^^LT&y^ g%3© 
fcfcPMOS l^7>^MP1 IfccfctfNMOS r-5> 
i>'X^MN12, PMOSh7>^MP13i>J:rf 
NMOSh7>i>'X^MN14, PMOSh7>vU* 
MP 2 IfccfctfNMOS h7>i>'7$MN2 2, PMO 
Sh7 M P 2 3 fccfctfN MOSh7 Vv>7.$ M 

N 2 4 ©^ft^'ft© K U-f VWIF^ NMOSh7> 
v>'7.£MN1 5, MN1 6, MN25, MN2 65SA 
L/c*<t, PMOS h^Vv^QP 1 1 JS.fctfNMO 
S h^VvUSQN 1 2, PMOS h7>v > 7.*QP2 
1 & <fctf N M O S I- 5 >i>'7.2 Q N 2 2 ©3-fl^tl© K 

u-r>«antc, nmos h7>yx*QN 1 fc^tfo 

[0 2 5 2] NMOS r-^Vv'T.SMN 1 5, M 

N16. MN2 5> MN2 6, Q N 1 3S£XfQ N 2©?' 

- hmEf±s «atwEVG6KBi3e**i*o 

[0 2 5 3] cn.S©NMOS h7>vUS©gfttt> 
y-*«3K©ffi*?*3o MOSFET©y 
-*S3Stt, K H->ffi"(?©E«WtciESTS B T B T 

(Band to band tunneling) TAT (Trap Assisted Tu 
nneling) > h-<*Xb (Impact Ionization) 

^SRH (Schockley-Read-hall process) *\ ^©JI 

[0 2 5 4] y-^«SR*fi«-r*(«:tt, KU-OSS© 

WSHEtfr*ltffi<, fflAtfPMOS r-7>vU*M 
P 1 1 JJdc^NMOS r^>v>'X*MN 1 
VSNlCNMOS h7Vi>^MN 1 5£SAU NM 

os h7>^MNi 5 (of- bWE&mmvwmn 
e (cct(*«evgg) (cKS-r*ctteJ:y, NMO 

S r-^Vv^MNI 2£«t:tfMN1 5lc£*.6tt3K 

u-r > «E«fi«r * c t ?#«o 

[0 2 5 5] ffil^tf, BEVGG^VDD/2 + Vthn (N 
MOSh7>i>^MN1 5©U*IMI*E) lc!S£ 
U NMOS h7>^X5>MN 1 5«JWW:>tt»CT 

sd;atc4x.So nmos h-^vU^MN i 

2tf*>ttl8fc«:o;teJI£, NMOSh^V^MN 
1 5 t^frtfT. 20©SEKtfii5iJtcffiH**ife«ttt 
ft'A JSS»«HC«fcU NMOS h7»*WMN1 2fc 
«fctf M N 1 5 fcffllfeS* h UX«E ( KU-T>«E 
Vdd) mL<%%rcV>s MN1 2J5WMN1 5©h 
— *JU©U— XSBfc NMOSh7>S^WMN15 
£i?A Lftt^» Tftsb-5 NMOSh7 M N 
1 2 U-^tt^fcJt^T, TctsWSMr^ 



[0 2 5 6] «EVGG : &VDD/2 + Vthn«!: Lfc 

©1*. dOlS^lCd; U N M O S h 5 yv'X* MN12fc 
J:tfMN1 5lcM=bSXr-UX«E^L<ft/N^S 

[0 2 5 7] «±©Mli, NMOSh7>^X^MN 
16. MN2 5JJj:t>'MN 2 6tCi>^TtlH1iT : -fe§o 

[0258] Sfc, PMOSh7>^QP1 1 Jjj: 
ffNMOS^7»*^QN12 s PMOSh7>^X 
*QP2 IfccfctfNMOS h5yv > X^QN2 20^tl 
*tl© K U-f >«SHIte»A LfcNMOSh7 >=JX$ 
QN 1 £<fctfQN 2fc<fcoTfcy 

[0 2 5 9] $fc, J-X±©lftf!BU:fc^Ttis x-*©* 
£&*B$lcMRAM-fe/l/7'U'f©t?v httfcttJRSlRl© 

Ltc1S\ £y bmSc-^fy0KUmtU 7- K«fc3K 

[0 2 6 0] MRAM-teM/©pnS#$Y*-K 
©ttt>yfc» MOSFET^TFT (Thin Film Transi 
stor) */f-r#-7 h7>5?X^^ffl*>/*7lttt* 

[0261] <c. nm<DBm3> 

R A M (£> MRAM-tr;l/ZK©7-HHfe§tM±e>y 

[0 2 6 2] Tftt)^ Ett©SJfi*£p, IS?!!©** 
£U @B!H©BrSS=&St1-§<!:. etHSKRklu *lc 
3* (9) ?4iL5ft« 0 

[0263] 

K9] 



[0 2 6 4] Sfc % E»teaEtlS«at*l a? 
Wt*Ptt*3 (1 0) ?W6ft«. 
[02 6 5] 
[ft! 0] 

II 2 

P = RI 2 = p— -(10) 

[0266] m»(o&$ 1 mm 

jH««j(42»©H«:ay, n»iJ (fc«U nti 
2J-X±©SU5) tit. JHmWlH:n»©1Kfty, M 
RAM tc£^T»#a*fip©JH»«**fi»-r * C 1 6^ 

[0 2 6 7] Sfc, HU^-KIRKftBtLTt^^ty 

*/u©ffiatf*ffli-rst^ ftsasatfifflia-ra. ^©^ 



■mm zu u z — z 3 i yui 



[0 2 6 8] LfrLfttfS* 7- KartcWRO*^- 

©Ettfcsswsti* * t y -bi 

fiSSitffiSJftS. *©«** 7-K«*$»JLft 
l^i'J S BfciKTSiSSIfilfcS < T 3 C <t T^N 
ffiST^-feXSSSrrSEttfT***,, C*U4tf\y hSSil 

[0 2 6 9] <C-1. 7-FSS£©#fJ> 
< C - 1 - 1 . £KMIj8>BI 3 4 fC, 9- Ka«£»J L 
tcM R A M 4 0 0 ©*§$£:?□ '^IT'^t. 0 3 4 IC 
/TsTJcdfcMRAIV^OOti, ?Ii&©MR AM-feil/ZU 

[0 2 7 0] &MRAM-tr/U7 7 U-f6 6t±, *g§&©7- 

hH6 4©m 1 <D«Mfcjaft*ftfcfTa*tii 

1 1HfPElS RRWUJJ:^ ©ttfflfcffiffi? ftfc 
fjfE*aL/»*a*«2#Jffl0»RRW2^ «ft© 

1 »JH0Kc rw 1 fi«fetf»2©ja»u:saa* 

nfc5UW3MH L/»*&*» 2 IHffillBlK C R W 2 £ * £ 

^Tfflft LfcM RAMI 0 0~3 0 0<!:lll*§<t:U Hi; 
l\ 

[0 2 7 2] %;LT> #MRAM-t;l/7 7 U'T6 6lcm 

LT% Ha* Lft i^a-^JcWMrn** * y -b;l/7 

Kara* 7 ofi«a»i3Ba**iTt^o 

[0 2 7 3] Sfc, fr^-^SWiarSllROA N D 
7-b6 2<Dtiitt* *ftftl^-r>7-F«6 7fl«» 
«S*l7V3o ftfc\ *'T>7-K«6 7©*S{4£M 
R A M-b/l/7 7 6 6 ©9- K»©*»tC^r*o 

[0274] «&©>< * 'J -fe/UT 7 SJR* 7 0 £«8 
©/-r>7-K«6 7t©2SfiS»U:tt» ttV-biUTls 

-raw87 ofe«feify-r>7- KSS6 7*KhtT «2 

A7J©A N D^r— h 6 1 tf*nehSStt**U ^©ttiTJ 

*\ fjtt*tu L/«#a^m 1 R R W 1 L 

T1t^7-K»6 4KiaJ!*tlTL^. C©*^-7-K 
tS! 6 4 tf&M R A M-feiUT 7 U -T 6 6 ©7- mt ft «o 
[0 2 7 5] <C-1-2. SMWI^JKT, MR AM 
4 0 0©»#lCO^TUiWrSc 09*(& y^U-feJUT' 
UYSiR^7 0© 1 Ofc*-T>9- Fig 6 7© 1 otfg 

ttftr SttfbLfc^ty^Uy'U-fiHRfc? o*> 

«fc0*'f>7- KI86 7 A N D^r- h 6 1 

*>\ *©ffiafcSWSftfctf 77- FS§6 4*gttfcT 

[0 2 7 6] C©J§£, SSttftLfey-TV7-K«6 7 
I4M R A M-fe;UtettSSlcl8fi**i»^fc4k 
fctt, MRAM-tr;U7 7 UY6 6*^-rSMRAM-tr;l/ 



©MtfSSftftlA, S£oT, ^©MRAM-fciUZU 

-r 1 *©7- kmucj: y m r a M-b/usaR-r* 

fMKJt^T. 7- F«te£Sft38«tf*«fcffi«-r 
[0277] SSJC % 1-D©MRAM-fe;U7 7 U-<6 6* 

s-rsii® (cr»© /«iiis?#*sifs<«i«f* 

C£T\ MRAM40014, ^©M R AM-fe;U«HR 
■T«ieiB**ftttti:fij«-r«C£tfT* % MRAM©K 

[0 2 7 8] CC?MRAM-b;l/©8»CO^TMIWr 
So — HfcLT* MRAM-tMMTJ (Bt»h>*;U 

[0 2 7 9] £©!§£. MRAM-t;US»CMtiJ-XT© 
ifciC (1 1) tCviT&ofcs M T J ©HmCjmR^ P n 

<fcft3o 

[0280] 
»1 1] 

_L = ^,_L -(id 

Cm Ctmr Co 
[028 1] Ba3 4tCwTMRAM4 0 0(Cfel^Ttt, 

mmntcM r a M-t;u7 u-r 6 6 *©+f-?'7- kh6 

4 (cSft LT L>S M R A M & bOfrT <7 -k* * tlS © 
T\ -y-7'7- KM 6 4 1 If y h« 6 9 £©|ffl*3itn«* 
7-FSSS«-»S0Lftl^lcJt^Ts MRAM-tr 

[0 2 8 2] ftfc\ MRAM4 0 0tCj5^Tli-t7~7- 

k« 6 4 *w»r h <t LT, A N d h * 
ffll^Tl^ft A N D-Jr- KClBS*ft**»©?ttft 
<, NAND^-K NOR^-K XOR^ 

-hSOffljOttS-y-hfcJS^Tfcx ^< : Ey-b;l/7 7 K 
3ffiR«7 0a5«fet|P^-r>7-K«6 7© THighj fe^l^ 
14 TLowj ^ariiS<t, ^©^©liS ( TLowj 
14 THighj ) *ffl*^to*T±IBWl^- HCA*r* 
d£T\ MRAM4 0 0tH«©«iS*«f«o 
T\ MS© THighj TLowj <hl*. #«#«E© 

[0 2 8 3] <C-2. 7-F«©BBHb> 
<C-2-1. aBNU8>H3 5U:. 7-K**«Jift 
LfcMRAM5 0 0©^*7P-y^ilT-^o 03 5 
lC^rJ:5tCMRAM500(4, mf@©M R A M-t/UT 7 
U-T 8 5 *ft LT«**ft* n {1©^^ y -tr;l/7 u-rs 
86 1~8 6n«I^TU5. 

[0284] ^ t y -t/i/7 7 u-r» 8 6 1 *«9Kan(#. 

#MRAM-t;l/7 7 U-<8 5t4, «a©7-K»8 3©» 

i (D&mmintcnm^m L/»*i&*» i «y«Pi=i 

^RRWI *J «fcl«B 2 4M(dga?tlfcfTK&Iti 



wna ^ u u ^ — z 3 i yu4 



»*&*as2WMn»RRW2£, aa»©evh«8 9 
©jg 1 ©toe^* nfc5»jss*a L/«*a*m 1 H 

MC RW 1 33«fcfl«2©^fc^*ftfcai«*tfi 
L/»*iX^m 2 COfHlsIK C R W 2 LTl^So 

[0 2 8 5] ^LTs &MRAM-fe/U7'U-f8 5ldtf(S 
LTx BRLftl^a-r ?|C&M$tL«m*©;<« 'J 
•b/b7'U-f'jHR«9 11-91 mtfEKStlTL^o 

[0 2 8 6] »AND^-h ftWP-A' 

so si ©awe *nwi*-r>7-m8 

4tfSNR*nT^«o y-r>9-K«8 4(0*a 

ti#M r a M-trrt/7 7 u-r 8 5 ©9- K»©*aiz:-a-r 

So 

[0 2 8 7] ytU-t;l/7 , H'SK«9 1 1~9 1mt 

WS©*-r:/ , 7-Kii8 4fc©3aiBWcik y^y-tiu 
zu-rsiRing 1 1~9 1 mcfwifrt^-rv^-Kii 

8 4©10t*A7Jfr«2A73©AND^-h (□- 
fciWr^P-*) 8 2<«-*l?tl««**U ^©a7J 
£>\ f!M»tt] L/»#a»S 1 »J®@K R R W 1 £ft L 
T, tr77-F^8 3Kg^£*l7VSo E©tW- 
K»8 3tf&MRAM-fe/l/7 7 Uf'8 5©7-F*l<t& 

So 

[0 2 8 8] S/c, ^©-y-^^P-zWl/x =1—5^8 1 

©Jgi ©A7J©£Tte> WJ-kfrT Mma 6 1 fc» 

JSLTIBlS*tlfc>< : E';-b;l/7U'ri¥3ilRiii9 0 1 Kg 

[0 2 8 9] ^LT> «»©tf;7?P-/WrP-*8 
1©£2©A7J©*n**U*, «»©ANDy-h (* 

f >^p-/\";i/xP-^o 8 o©a*tcssa*n*^n 

-A*/U7- h*«8 7*^LT, *f f^P-A/l/xP- 
#8 0©a7Jldg^S*lTlA3 o 
[0 2 9 0] *ty*;l/J'U^i¥j8M£9 0 1~90n 

[0291] fac^ty-tzjbT'b-rs'fcy^y-tr 
)U7is<fm8 6 1 iigi:««*^u ^nwiaa©? 
^"□-/^f3-^8 1 icjeastu **i*n©«a 

©tWP-M;l/^P~?8 1 fc^'J-fe^T'U-fPji 
««U:S«*tiTl/>3o 
[0 2 9 2] P< ; EU-t;l/7 7 U'rp8 6 1~8 

6n©*ft**UC»lSLT. ytUtoUT'U-rSWRIi 
90 1~9 0n#EK**U ^)^T\y^m8 6 1 

~8 6 n fc^nwisNajftsaacit^p-y^uT 5 

P-#8 1 ©*2©A7Jfck «l«l7P-/W7- F 

©awcStti-ftTt^. 

[0293] aaroy-rv^p-z^u^— 5T8 

0 tt, T 7 F U7.fl 8 8 fc«tt*ftTV«. 
[0 2 94] <C-2-2. &WSMHf>&Ts M R AM 

5 0 0 ©»ff KO^TBWI-r So ^^'J-fe/UT 7 u-rs 8 

6 1~86nH\ *t'J-fe/U7'U-rgH!JRI!901~9 



1~8 6nft©*Ilfc©MRAM-fe;U7'U-r8 5ti, 

v-tfrTMmsim 1 1 ~9 1 micfcywwm*. 

[0 2 9 5] ^ : EU-tr;U7 7 b'TI¥8 6 1~8 6n©i)fF 
tt» BB3 4*^TKWLfeMRAM4 0 0tig«-Z»* 

y, flittfs ^ : Ey-b;u7 , n'as?»9i i<h*f>7 
- Ktt 8 4 © i otf sitfbr s gttfb Lfc^t y -tr 
/i/T'u-faiwis^ i 1 ty-r>7-K«8 4tcStt*n 

SAND>f-h8 2jb\ ^©aWcSSftSftfclW- 

K«8 3«gttft-r«. 

[0 2 9 6] ZOMft. SttftLfey-r>7-Kli8 4 
©S»tl±. MRAM-b/l/7K&5SI^5MRA 
M-fe;U©8*tf SStifti/tfcik *IgSt©M R A M-tr;U7 
U-f 1 *©7- KtttCfc y M R A M-fcil/fclHRL 
TVfcffi*©M RAM KJfr^Ts 7- KWc$£tt«* 

[0297] sfc. «y*tf % yty-tiUT'U-rwaRii 

9 0 1 t?n-JW7- hit 8 7© 1 OtfgttfbT* 

fc, 5SttfbLfc>< : Ey-t;i/7'UfPjiWiil9 0ii^p 

-A; 1/7- KM 8 7 £Ktt*ftS A N D^*- h 8 1 6\ 

*©ffl7jtE«Bi*nfcp<-r>7- f«8 4*att<kr 

So 

[0 2 9 8] C©J§£* >S14fbLf=^P-/\^7-FSSSl 
8 7©gMKJ± % ^ : Ey-t;U7 7 U-raP8 6 1~8 6n* 
«Mtr S M R A M •fe/UT' U-T 8 5 ©&Kfe$tl&lrft 

#>. aa©p< i Ey-b;u7u-rstc»*i*©7-F«tc 

efcy M R A M*il/*jBRr*«Wl(Clfc' , CT, 7- KtttC 
^StlS^M^IWSMI-So 
[0 2 9 9] ffioT» 7-Ktt8 3£t?y h«8 9£© 

in*3ifftsw*w\ 7- K«*»JiftLa^«e«©M r 

AMKJ£^7\ MRAMfc/UT'U^rofflftcaSftfcttlfll 
LTX^rs/c^?* < » y ■b;U7' U-T 8©flHk© 

So 

[0300] <c-2-3. v-mtmmitzwcM 

R A M©^f*^M>Hl 3 6 K7- F^Pglib* tl/cM 
RAM©^ft«rt©H»«^-ro H3 6tfe^Ttt» 4 
i0MRAMWl/-f8 5 1~8 5 4*#LT«WS* 
tlS> 4fl©^ ; EU-fe;l/7 7 U^8 6 1~8 6 4^x. 
fcMRAM^LTfc'A 4ffl©>« : Ey-b;U7'H'S8 
6 1 ~ 8 6 4 ©*ti?tHc»(S LTx 4 *©* * y -fe;U 
ZKPSWHg 0 1-90 4tfBR$tlT^3. * 
fcs =&^ : ey-tr;l/7 , U'rS¥tcjj^Tli, 4i©MRAM 

•fe;l/7H'8 5 1~8 5 4|cMALT« 4*©* : Ey-fe 
!U7^mSm9 11-91 4#EH*tlT^«. 

[0 3 0 1] ll3 6tCj>^TttMRAM-t/U7 7 U 

•f 8 5 «M0««|fStt4lM« 7'p y ^ U ^ p -/ W 
7- KtR8 7^©#iB^K^EPTHiCW^LT^ 

So H3 6fr5» ivb«>a , 7-K«#PS*fl:**iri'»* 



ttm ^ U U A — A i I i»U1 



[0 3 0 2] <C-3. tfy hfc£©#f!l> 
<C-3-l. BMIA>Bg3 7lc, tvh««MWL 
ftMRAMeOOW^^Py^BT^?",, 03 7U: 
/^■TJ:5^MRAM6 0 0^ Hltfc©M R A M-\zil/T b 
<1 6 6^tUL^„ 

[0 3 0 3] #MRAM-fc;U7 7 U-l'1 6 6ti, illfc©'? 
- K8 1 6 0©S 1 ©ffi»fciSK*ftfcfTtt*tfi L/» 
*a**HW»0»R RW 1 fc<fctf» 2 ©«»£««* 

ftfefrRawa 2 wannai r r w 2 m 

1 »IHSg C R W 1 £<fc tf« 2 ©tttflc 
ffiK* *lfe5Utt*a L/»#a*S 2 «J0®B C R W 2 

[0 3 0 4] ±!BIHffl®tt(*^©mffi2(c£lN 
TttlBLfcMRAMI 00~300£H«£U EUft 
**f* LTVSifc CftS tcHSl* tl« fcOTtta^ o 

[0 3 0 5] -?-LT% &MRAM-fc;b7 7 H'1 6 6 IcS^t 
JSLT* Hot Lfel^frxP - n* ^^E'J-fevU 
Fb-fiHRISl 7 0tf»BR*tlTV*. 

[0 3 0 6] Sfc* W^a-*****"***© a n d 

I- 1 6 2©tt37JK, *ft«TJ«-r>fcrv hll 6 7 
tfttR*ftTl/>*. &*>\ HUM 6 7©*8< 

tt£MRAM-fe;U7l/-n 6 6©bfv hgg©*£fcfc-I& 

[0 3 0 7] *R©*tyHr/U7b-r8JR8l 7 0<hH 
R©*-f>fc;v hill 6 7 £©££»£(*, *t'J-feil/ 
FU-rHJRttl 7 OiS&Xft-ry&y MSI 6 7£A7J 
§ 2 A±J©N A NDy-H61 tf^ftWlSHKT 

tu 5U«*ajL/»*a*»iiw»iii»c 

R W 1 LT^tf v h* 1 6 4 fcStt* ftTl/>*„ 
Ctf^tf'J/ 1**1 6 4#&MRAM-b;l/7'U-ri 66© 

[0 3 0 8] <C-3-2. SBKlff>JJ(T, MR AM 

6 0 0©IMflCO^TBWl-r*. ffilAtf* 
U-TWW1 7 0©lOfc*-fVI£v httl 67C01O 

Sttibf ^ £u gtefb Lfc* t y -fe/UT 7 [x'TSfttt 1 

7 0fe<fct?^-f>tf'> httl 6 7£Stt**l*NAND 

^r— n 61 *\ ^-<oai7jtesai!*nfeit7tfv m i 
6 4*sttftr*. 

[0 3 0 9] C©«£. SttfcLfc*-f M81 6 
7W\ MRAMHr/UKtelIgU:&3i£ft&^©T\ ^© 
SmfcttMRAM-fe/UT'U-f 1 6 6£»f3MRAM 
•b/U©gMtfS£*US:t\ fi£^>T, ?I£fc©MRAM-fc;l/ 
T KM* 1 *© t^y h tKC «fc U M R A M -b/MnHR 

[0 3 10] *6K» 1OC0MRAMWI/-l'16 6 

(CjBH?3S@ (CRM iMfcSTf#*B^JK7* 
3©T\ M R A M 6 0 0 lis #f©MRAM-trjl/^HR 



r«nm**Kn(cffixr« m r amok 

[0 3 1 1] MRAM-fejU0)H(CO^7ldU BSC (1 
1 ) *ffl^TWWLT^«0?»tr*KWH:*«-rS 
tf» B 3 7 fcjjVT M R A M 6 0 0 KjS^Ttt* SSWr ft 
feMR A M-b/UT 7 K 1 6 6^7^7 MRl 6 4K 
l^LT^3MRAM"fe;U©3W , *-feX*ftS©T% 
7£y h« 1 6 4 £ 7- Ktt 1 6 9 t ffl|||*atft*«at 
tt» tfv L&^EKKJt^T. M R A M-t;U 

[0312] &J>, MRAM6 0 0C£lW7i;y 
hill 1 6 4*ft|»-r«liay- h t LT» NANDf- 
h£ffll^7V5#s NAN D^- MEPffifrSfftSfc©-? 
ttft<s fliltfANDy-K NOR^-K XOR^ 

-htl©ft!j©M3i^-h£ffl^T*K /ty-feiwu-r 

Sftttl 7 0fccfcO : P<-<>tf'y MR1 6 7© THighj $ 

at^tt aowj ^s-riist, ^©^©liS ( TLowj « 
SL^tt THighj ) £ffl*£fo-eT±IBHJI$ s - MCA7J 
rSCtT\ MRAM6 0 0tra*O»**i|-r*. C 
ZT\ mmO THighj fcj:^ a 0 wj tit, =&«#aE 

[0 3 13] <C-4. I£v h*©HMfb> 
<C-4-1. «BWJ«>H3 8(C, tvMi^pgB^ 
LfcMRAM7 0 0O«J«*5 r Py^HTwTo 03 8 
fcaVr«fc5lCMRAM7 0 0tt» mii©M R AM42/I/7 7 
K1 8 5^#LT^*ftanfi©^ ; Ey-lr;l/7'U-< 
PI 8 6 1~1 8 6n^MTl>5„ 

[0 3 14] frTMm 8 6 1*t!KSft 

«; #MRAMWK1 8 5ti N a»©7-Ktt1 
8 9 ©SB 1 ©«BHCjftR*ftfcfj«*aj 
1 SOUlHlKR RW 1 *5<fcti : lg2©5Sg|5tC^*ft/-dTM 

*aiL/»*a*»2i6ijaiiii»RRW2t, aa»©ify 

h« 1 8 3 ©H 1 ©^ttM$ftfc9JR&tti U/»* 
a*lg 1 VJflllslS CRW1$J:tfS2 ©gSfi&Ifctft 

rc5U^aj L/»*i&*» 2 mms* c r w 2 1 *w l 

[03 15] ^LTx SMRAMWK 1 8 5{c3* 
(SLT. H^Lai'fixU-tfteSttSftSm*©** 
V-tLfrTMWRm 9 1 1 ~1 9 1 mtfEKStlT^ 

[0 3 16] S/c. »ANDf-h (+f-^P-A* 

/l/fa-^} i 8 i ©tUTJt;:, *tiWi^-r>tv 

1 8 4jB«Ktt*ftT^*o afc pt-TVIfy MSI 8 4 
©*S{fi#MRAM-tr/l/7 7 U-l'1 8 5©tfy hSI©*Uf 

[0 3 17] /tU-fe/I/T'H'jfflRai 9 I 1~1 9 1 
mt«a©y-r>ty httl 8 4t©3£SSPtctt % 
VWTls'fmiRm 9 1 1 ~1 9 1 m©fijft3^ty-r 
Vt*y hfil 8 4©10<!:^A7J<h-rS2A7J©AND 



■Ffm z v v z- z 3 i y u a 



RW1 ^LT, V-f&y HR1 8 3lzmm*tlT^ 
So Z(DV-?&y hSUM 8 3#&MRAM-fe;U7'M'1 
8 5®7-Hl(!:S5„ 

[0 3 18] Sfc. ^&©+f7?P-MVU^P-#1 8 
1©SI1©A7J©£Ttis ^y-fe^UfSM 86 1 
K*tJ& LTiSIS* ttfc* t >J -tr/UT 7 U^PiMWiSi 1 9 0 

1 fc&mizmffi-stiT^Zo 

[0 3 19] ^LT. a»0-9-^P-/^I/xH-^1 
8 1 ©^©ATJ©^*!^*^ «ft<0A N D f— h 

(^-o^p-/\vi/x=i-^) 1 8ooa*(cS«7rti 

S^P-MVUtfy h«1 8 7£^LT, ^-O^P-A 
/l/xP-^l SO^tti^Kgil^ftTl^c 
[0 3 2 0] **y*;U7'U*W:WR*1 9 0 1-19 

0 nt*. Vn-rti^v hffti 8 7i(*aft«E«ri5 
y, H*fcts«-r«<fe5KEsa*nTi^o 
[0321] &j>\ mo^j-tbTMrn***^)*. 

iisTis-tmi 8 6 1 &niaita*«u *ti*wm<o 

^^□-/^UxP-^l 8 1 KiStt*tU ^tl^tl© 
^©t^P-Z^Jb^-^l 8 1 fc^ty-feJl/T'U 
^SSaR«U:£i£**iTV3o 
[0 3 2 2] Tftfo-S, **y-fe iVTls-tmi 8 6 1- 

1 8 6n©*ft*;WEtt(SLT» ^y-fe/l/J'U'faBi 
JR!H 1 9 0 1 ~ 1 9 0 n tfEIKftU t&JUllTis'f 

m 1 8 6 1 - i 8 6 n tc^-tieh«tt* 

^□-/\>r3-^1 8 1 ©Jg2©A*Ki, 

□ -/t/Ufcfy h«1 8 7£rtLT, «S©*-r:/?P- 

[0 3 2 3] ^£D^-r>^P-AVI/x=l-^1 
8 0 tt» 7 K UXfl^iUP 1 8 8 (cSaKS-tiT^So 
[0 3 24] <C-4-2. S«I6ff>WT» M R AM 

700 ottmcoi/'TSMirr *. * t y -fen//* u-ran 

86 1~186nte, ^tU-fe/UT'H'SaHWSl 9 0 
1 ~ 1 9 0 n It J: y mifrtfSKStu /t'JWU 
86 1-1 8 6nrtoa8»OMRAM-fejU7 , U-r 
1 8 5tt» WJ-kfrTls-fmSWl 9 1 1-1 9 1m 

[0 3 2 5] WJ-kfrTMm 86 1-1 8 6n© 

mmt. ®3 7 zm^xmrn u-cm r a m 6 o o t mm 
y^y-feji/T'H'ajRiii 9 1 1 <>:>< 
-rvtfy mi 8 4©ios«sttib-r*t» sttft Lf= 

ttiJ-blUTlyCmmLI 9 1 1 i*-f >tfy hffti 8 
4 {Eje«*n« ANDf-h182A\ *©tH2jfcS« 
£*lfc1r7lfy httl 8 3«jSttfbT*. 

[0326] c©«^, gitfbLfey-r >£y hii 8 

4©S«Ett» MRAMWH'18 5SMnM 
RAM-tr;U©§M6^$tl^:^fc46> »MRAMt 
U-f 1 *©l?y httlc «t »J M R AM-tr;l/^a 



[0 3 2 7] flatf* ^ : Ey-t/U7 , U'rSjaR« 

19 0 1 <t?P-A;l/fcf\y h$£ 1 8 7© 1 Otfgttft-T 

st, ssttfbLfey ; Ey-ir/b7 7 u>ra9H?«i 9 0 1 1 

#n-JtlU£y bm 1 8 7 fcfte*n« A N D>f- h 1 
8 1 tf, *©a*fcSM**ifc*-r;/ev htfi 8 4£ 
SttfbTSo 

[0 3 2 8] E©»£, SSttfkLfc^P-/^Hfy hH 
18 7©§Mtcti, ^y-fc/l/J'H'gM 8 6 1-1 8 
6n*Sfig-rSMRAM*;U7 7 U-<1 8 5 

na^fcik *ft©* * y -t/U7 u-rsHcB* i *© e 
y h«t«feyMRAM-t;u*aHR-r«*«fclk/<T, t? 

[0 3 2 9] ftoT. fcfy MR1 8 3t7-K«1 8 9 

t©B**3Mi**astt» try h«*ns«ftLai'4aE© 

MRAMiafr<T\ MRAMM7W0fl![©ailC 
J±^U LTS^f SKW&tt < » * t 'J ■fe/UT' U YP©<I 

[0 3 3 0] «±B4IWLfcSaft©»« 3 leaser 
liv 7- KlteJ:tf t y mo*n«ilco^T» #il 

fit KHfeJ:tfe y htt©Pi£*IMft;L 

fc*«t LTt.St\ c©J;5ft*«*»*Ct?s * 
5a*}ga«*©fiKS .fcrj-M R A M©g)^5iJt^ite 

[0331] <d. nmwm4> 
<*3tess©»«©i«»>*aw©*sfi©jBJB 4 ic^s m 

R A M <V^^7«SLrc»IMcffl^T» ^l!(© 
M R A M-tr/l/WlBltx— > ^HfBBSSSftt-jfi** 

[0 3 3 2] <D-1. SWSa>BI3 9M:*ISW©ll 
5S©Jf^ 4 MRAM800 ©flWiS^-rtSSHT* 

Hi, 2JJ<l:rj : 3©±gptcjJ^T3£M-r§cfc3tc, fcfy 

fe<fctf If y hHT«StlS#S*lCM R AMtMCtf 
»**tlTM R A M -tz;U7 U-f M C A 1 LTl^ 

So 

[0 3 3 3] MRAM4r;UMC©*J«ttH1*fflLTW 

WLT*jy, Kfr*ww(*«is-rstf» mram^u 
Mc««bsr«y7 hanffltft«©-r-5?-7^s/x© 

[0334] f-LT, MRAM-t/l/ZU-fMCAI^IX 
y#<«fc5(cP^;W©'f>^^ i DiflBMrtttV 

So 

[0 3 3 5] <<y99* I Dtt, *JKE«*=l</UttJC 
ffiR LT««*tU 7- m 1 - 3 jWffif S^lRjlCja 
oT^m^T^So 



[0 3 3 6] ^LT, -fy*7* I DCMSSPli, 

-e-f) KiftK**iTfey» -r>#7$ i Dicsrrvto 
iRi***A*ct? % -fy#7* i DTmsnzmmz 
m^Lt % im<Di5iP\*mm? % z. t ta^^mmtr^ 

7-Ktt1~3tfgS?-*£Gk MRAM-fe 

[0337] ftoT, MRAM-t;U7 7 H'MCA10^ 
ftOMRAM-b/UMCKWLTs * 

iasfrs-ry#7* i Dtmsi*iRi(c«at*atu 
*-*«iM«:<fcoTy7 haatttftjioxtrvcsia*- 

[0 3 3 8] ftfc H3 9fc£^TttKW<!Dttk 3 

it-rxtts ctnciBji3-tiat.©-ea:ft^at\ 

[0 3 3 9] $fc, ■4y&fJ$ I D s 7-KJSl~3, 

[0340] sfe H3 9?tt, wmm±. <<># 

7* I DOtttcevftt, MRAM-tr;l/7U'TMC 
A 1 oey^«J:y**<SUT^*#» cntclB)£*ti 

[0 34 1] MRAM-k/UMCOMSKftlcPBS 
ttft < s ffilTLfcPH 3 0 *JBLvnWH Lfc 2 I- 

7u mm./immb/mm&mizq&xtztvj*. 
[0342] snu <y*7*i4, y7ham&ttii0 

[0 3 4 3] CCT\ H3 9fc£tt3A-A«7*0»rBi 
H?**BI4 0'>'ia4 2*ffll^ MRAM800©» 

^14, KWOffiSJu H 3 9 1 ttHfc* fcTv LT 

[ o 3 4 4 ] h 4 o it. -msmivvmn-m* l 

Tt^„ H40fc^r<fc5U:MRAM-fe/UMCW:pnS 

KPN©±»fcs «»h>*;bS^ (MT 
J) #EBHrtife«*6^LT^*. *LTIfyHl5 
0TfflOMRAM-fe;bMC*»fiR-r«y7 hgttttttJI 
2 2©Z£y©*fcttHtelRl#oT££lS^T33y, ffi 
OMRAM-b/UMCOXtfXOSlRlttfiSlRl^T^*. 

««, rafc-s, -r>#7* i D#7*>/w©a8T 



&<DS JXtitBR LTM R A M-fe/UT 7 KM C A 1 
[0 3 4 5] 04 1 ttHSS>»SOttllOHa*^LT^ 
<fc. -fy^7* I DfcSl®£lRl©W»tf3tt*U 

shafts ctfl^a<ay % ««J:<itmr9B£-r« 
[0346] c c t% as«ar x tryaxsiatB*© 

£T©MRAMfc/UMC0y7H8»ttttJi 
2 2 ©X tf> EfclefcflH*^ 7 s -* fi^Hfe!** 

[0 3 4 7] B94 2 ttHS»*a*Otttt©H»*^L 

[0 3 4 8] ZZT\ »*a**«fXlf>03&fi|*H 
©K»tEj:y. £T©MRAM-fe/UMC©y;7haHK1t 

[0 3 4 9] <D-2. fB8%£>«K0)MRAM-tr/l/ 
©SBUt 1 -**- JSfiSfe^^l4|B)L:7 ; '-^^-JgLT 

[0 3 5 0] **JSO«||(Cj:*MRAM7(4. 
«»©M R AM-fe/UOx-^SHSJHSSS^tt-fi* 

[03 5 1] <D-3. S^9J>«GK(0MRAM-b;bO 
I31tx- * SHfeTI* as* L^(*H8»*a*-r * fc» 
14, 

[0 3 5 2] H4 3 IC, *Hffi®^ll4(D^0lj^ LT 
MRAM900O¥Ili^T o B4 3(c£^ 

Tt4, RWOffiiLt. 4ff45!l£>MRAM-lz^7 7 U'rM 

5-*l5t)©T^4%L\ 
[0 3 5 3] H4 3lC3Vr<fc3£, MRAMWK 
MCA 2 ©±TfC % 7 s — Sf ©-gj!!lS0fci6©77y 
ilfvhiFBL 33<fc 75 y 5/ a 7- K« F W L *E 

[0 3 5 4] 75y~>o.e<y h$gF B LfeJ:ff75y> 
i7- KtKFWLtt, *ftjptUB»©fcTy HUB L 1 3d 
cfc^7- KttWL 1 tfK5U**lfc1B«^«tc»{5LTH 



WHfl /uuii-zj i y u ^ 



[0 3 5 5] HI 4 3tfU>l^T&7- R£WL 1 <DJ=ggtC 

fe^Ttr^ k«b l i &&m?zmmt%?T:3sv. 7 

- mv/ L 1 i>\fctf tfy hifcgB L 1 ©££gg©Pii»©IN] 

KM R A M-fe/UM C tfERSnZV*. 
[0 3 5 6] ^LT. 77-V?/a7-H8FWLfc|:7- 
K1IWL 1 ©TgPfcx 75y->n.tfy F-*gF B Ltelf y 
bWiB L 1 ©±aHCEK*ft7V*o 04 3tCiJ 

^Tli«±gB©77y->:itfy h«F B L*tiES»fc, 

[0 3 5 7] H4 3fc£W-A-AJi£J:tfB-B8"e© 

BriSfllJ&tK H 4 4 SJctflS 4 5 ic^n^n^to 
[0 3 5 8] H4 5tc^r«fe5fcMRAM-b)bMCa:p 

n ft^f*- KPN ©±gp[C, figft h y*imS (M 

TJ) #BH*ftfc«/8**iLT^3. 
[0359] C©«fc3(E* MRAM-fe/U7 r H'MCA2 

7- KSSF W L «£» U HSSH* SSl^-fiS^a 
*«LT», 77y->2.tf y h$|F B Lfc<fctf77y 
-> a 7 - K8 F W L tC.mf&3fa<Dm%&%& C £ 7\ £ 
T©M R AM-bil/M C©V7 K3S«ttfl:Ji©Xlf VfcHO 
WfCBIi:3&fillC|Rl^SCt7HS}|IS*«^tt-g»* 

[0 3 6 0] 75y->:ikfy h?HFBLfc<fctf7 

ffi«*»*0fc»fc3frr«»©*lRltt, M R A M-t;l/M 

t?y h«B L£«fct?7- K«wLaitr«atfl)*fiiti^i; 

[0 3 6 1] 77'r>ib*7 l*iSgFBLfc<};tf7 

7-r>27-KiFWLli, M^^TtS^U 

icttmtz>(DT:\ refe&^ot&if, -^Tcwtxt? 

>CEKIiRli?a55. 

[0 3 6 2] 7'5y5':ilf y h&iF B LJJ<fetf7 

77->i7-KiFWL©Ml\ swsucfcypi; 

*#*©«**«£*■&**#, xtf>£j5is£-i£3© 

K&g&«^©£gfnti'.h£ < 

[0 3 6 3] $/c, HKSS^«l3J:tf-S»*a*» 
fTF£L&lvR« % TSfe-577-y^a.lfy hi|£F B Lfc 

77->2fyhiFBL <fctf 7 77*>27- KSSFW 

xzmmLz. MRAM-t;u7u-rMCA2^«a-r§ 

[0364] JJLbWW L/cM RAM 9 0 0 lc£l^ 

Ttis MRAMWKMCA2^lOtn«? 

^Lfc6\ m r AM*iuTis4*mm-?zmmzis^ 
T$>mm?jm?&2> 0 mwmmzM r am 9 o o A<t l 



T04 6lC^-To 

[0365] il46t^-rcfe5^ MRAM900AU: 
&^Tim&(DM R A M-t/l/7 7 KM C A 2 tf^ h U y 
^X^tcEtSS-tlTiJUs MRAM-tr;U7U-rMCA2 
©B5!l(!:*HS-rS«fc3^ M R A M-teiUT 7 U-f M C A 2 
©I35'J©±TI;:, ©HSiGS©^©^ -MVl/ 
7^^5/3. If y hiHGBLfcJ;tf-?P-M';U77y->iL 
7- KttG W L £T h U v * XttfcEH LTL^„ 
[0 3 6 6] ^P-/W77T>ii;7 F-J^GBLiJcfc 
?P -/ ^ y -> a 7 - Ktt G W L ti. 04 3 tt^ 
f 7 7 y 5/ a tf y h £g F B L £ <}: 7 5 y -> a 7 - K» 

FWLtpi:«iii*#u Kmittwrstf* H£fc©M 

R A M-fc^T 7 KMCA2 fcftMfcttE* n*©?** 

[0 3 6 7] Hi±mmLtcy^'y'yjL^y H*F 
B Lj5<J:tf777 S/27-K8FWU 
y -> a If y H« G B L fc Jctf^P -/ 0I/7 ^ y i/n. 7- 
KttGWL©ft)ttl|2]gHi % H2 7 % E93 1, H3 3££ 
l/'TBWl L/c. ffg!*tB L/»#a*« 1 S<lf!llH]S& R R 
WK ff«*lHL/»*a*SB2M»|Hl»RRW2» £ 
«fetf5iJig*aj L/»*a*m 1 mpgn C R W K SIR 

^tH L/»* 2 »JSPI°]% C R W 2 ^ffiffl LT t. A 

[0 3 6 8] $rc. U4 6^-rMRAM9 0 0A©J: 
^©MRAM-b/U7Uf MCA2^#-T5^ 

5MR A M-fe^T 7 U'TM C A 2 £E «fctf E WtIC 
fi^*#3HR©M RAMWKMCA2 tCfe^Tt 

WT\ B3 4-H3 8*ffl^TKWLfc, »*J*tl/fc7 
-KKU «MW*tifclf y h«U RSJIfb*ftfc7- K$k 

K»fb*n/fcif y hJHroamss^ yp-/^U7^ 

y5/alfy h^G BL Set 7 / -7^-/^77 y ->a7- 

K«GwncaraLTt.ai\ 

[0 3 6 9] <E. SSS©^5> 
<*jUS©»»©1f 5 tC^^M 

RAMtt, >f>?9Zii*+/&*0)LC}m&WaL 
T% Wfc*U*-f^U ^<<tt»1lHlJi(±©fB1t7 ; ' 

[0 3 7 0] < E - 1 . aH«A>B4 7 »*fS«(Dll 
Jg©JK© 5 M R A M 1 0 0 0 ©TiffllUa*^ H 
T-£3o m4 7lCjJ^TMRAM-t;U7 7 U'rMCA3© 
fflROtfy hiHB L 1 ®S1 ®^g|5tz:T;l/^7U7-9-M 
UXIiMjgKS-tu ^2©ffigUlCT;U5 1 7U^-9-MUX 
2jtHHKStiTl^5. «8»©7-K«WL1©S 
lOaWfcttKU-OBEVDD^jlStU ^©7- 
K«W L 1 OZtl^tWm 2 (Domett NMOSh7> 
3?X*QN1fl«iSSK*tlTL^o 

[0 3 7 1] Sfc. T/U^U^MUXIfcttflER© 
If y h^B L 1 ©*»(c»J5LTE»5ftfefflR©NM 



os t^ypxfQNn&imzn. §NMosh7> 
5>z*qm i oy-xtiicii*+/^CP 1 tmm 

[0 3 7 2] Sfc, ^;U^yU^+fMUX2t±, 2*© 

tfy h«B l i tc^LT 1 otfH-v^* i d 1 imm 

MUX2 Ktt, a»©fcfv h*§B L 1 ©H£gfc©¥#lC*| 

[0 3 7 3] tfv hiBL1 1S&XF7- K«WL 

1 Id*. 02 6*fflf TKWLfcJU^-^frxn- 

[0 3 7 4] <E-2. 8MMfc>*fcU MR AM 10 

bfy MtB L 1KB L 1 aiJcfctfB L 1 b©£F 
LTEHIT *»£t»fc3o 
[0 3 7 5] Sf\ jM^7 KU7.£#t>7- KftWL 1 

tfajR*tu ^BaHR?- k«w l 1 kssmsie i dc# 

[0 3 7 6] 3I#!7 KUX**fctfv M8B L 1 

#TJb*7V*tfM UXKEi y *R*tU £a*§6HR£ 
y h*|B L 1 a*»SLT»*a*m3S I tf^iU*? 
l/*tfMUX2fc«Hl&fc„ C(0«^, T/U^U** 
MUX2lcj:oT> »Rtfyh«BL1a(«:SN«*tiS 

i d i ffasratu i i©i* 

[0377] ±E-r>#** i d i ic&mznz, 

-*©fcfy mBL 1*^;|/*7U*-9-MUX2fc<fco 
T»«LTa3<fc, I D1*3ttifc#S&* 

«SK I itfStBIWtfv hiHB L 1 bfcSttu «3K I 2t 

[0 3 7 8] C©«»l2fck ^/H^b^-tMUX 1 
«HA LTn ffil/»T3++/t5>* C P 1 icws^ LTH 

[0 3 7 9] &3b\ *»©NMOS l*7>5?**QM1 
[**-W\°->* C P 1 ^(DWM(DWm33&lf, **/\°->* 

c p 1 ^6©TOottHj©*-rs>^(c^b-eT*v • 

*7*0fP*tU *fc, ItODNMOSh^V^QN 

i 7- nw l i icraisk i K*3W-*-rs>^ 

[038 0] <E-3. fW»«>JM±BWiLfeJ:3 

k s if y h^B l 1 fca3tt*»*aaMt**-r>*** 

I D 1 £ J:tftr-Wt5'* CP1CL C£M#Jffl LT U 

[038 i] < e - 4. mmm>^mm<DWM(ommm 

<h L - ^ II 4 8 tf: M R A M 1 1 0 0 ©¥SWJ&£ct?'. 



MR AMI lOOtCjJ^Tt*. H4 7lC^LfcMRAM 
1 OOOCflMMcinAT* MRAMWKMCA3 

®aa®7- fiw l i ©jg 1 (DVmm^i^yisw 

MUX3i6Wn, Jg2©i»:T;l/^7i^+J-MU 
X4tfJ8SKftlT^*. 

[0 3 8 2] Sfc % ?;^7U*tfMUX3fc:tt«S© 
7- K«WL 1 ©*«(E»JSLTK^6tlfeaa»ONM 
OS h7>^QN ItfKlBStU #NMOSh7> 

s>x* o n 1 ©y-x«sKtt*+/t5/* c p 2 mm 

[0 3 8 3] ^/l/^yU^-y-MUX4ti. 2*© 

7-KSSWLIfcttLTlO©^;/^* I D2^gi 

M U X 4 tt»©lfv h*lW L 1 ©!i£gjt©¥#fc*I 

a-raffl»©-r>^^ i d2a^**itl^o 

[0384] Mi^MCMRAMI 1 OOKiJl^ 

i d 2 fi«fct5++/t'>* c p 2 © l cimmm lt y 

[0 3 8 5] &i>\ <fy#9* I D 2*}«fctf* -WW* 
C P 2©L CftSilcJ:§»#^«3it©y^^;HSfF 
(** 4y9t* I D 1 fe«fctf*+/t->*CP 1 ©LC£ 
StCj:5^tlt^«Ti6«©T?IMWtt^l«-rSo 

[0 3 8 6] Sfc % -f I D 1 fe«fetf*+/t->* 

CPU I D2fc e fc0 : *-W\°->$CP2tei> 

^TJH«*n*«3!tK-3^T^ T/l/^y U^-9-M U X 
1 ~M U X 4 KWtSftfc, HKAt|Q:«3RtttflS!ttfllEl 

[0 3 8 7] -f>^* I Dlfc«fetfl D2<hL 

[ 0 3 8 8] 04 7 fc { fcU : lil4 8 lcST**l*-Bre* 

y, l c«^fijffl LT»*a*«3tE©yw^;u*ia 

«Ctfl«T*«©T»»ftl*±E«di(c|BS*tl«t.©-p 
[0 3 8 9] <F. *S6©^ffi6> 

<*ius©«tt©itis>*«w©itas©iBii 5 ic^^ii 

W±H±fc«*h>*/W*& (MTJ) 

[0 3 9 0] <F-1. S*5^>IH4 9tC*^©* 
A©^ffi 5 lCli^^ttft**g©»f®*i^^ro 04 9 

leasts ->y=i>*«sB©±B^®[c, 

flJUS«^tt^U3>BfkK«OIHUi I L 1 tfER* 

*©±tc % iHC7-Kii»a^tti;y mtft*» 

WIML1tfBR$tiT^3. 
[0391] #1*1 M L 1 ©±»tcf*» ibKWH;!^© 

n m^mm*^? % n y □ >m s f i £«j:tf lasw 

E;l^© p ffl^H**#r « p M s s 'J =i >Ji S F 2 



WIS! A\i Ki J. — JL 5 I y u ^ 



[0 3 9 2] -?-LT, pi^'JPVJIS F 2©±gPU: 

&K7>77x>77y Kifc^SV^Zx^IfS 
T D*^*tl> * y^T^yi S T D±tC^ttM T 

[0 3 9 3] TKtt, TfrSHI^ G£ (Pt) T*ffi 
J^ftSx^U-hJITPU N i8lFei9©A°-^ 

nj?ffim-£ft%®mmk®.wm i fl onjp4n 

m) % Mn 5 4Fe 4 6T«*ti§J5iHtftlAFL (H 
JplOnmK CoFeS5lS±N i8lFei9©/\°-^ 
P<T«^3®?&14ttJiFFL (II8nm), A 
I 203T«*n^ r-V^Jl/M'JT'JiT B U MB2 n 
m©C o F e tMW-2 OnmCN i 81 F e wO&Mf&T* 

mmznz v 7 h fml, p t -cw* 

[0 3 9 4] Sft, =i;/27 hlf CL©±a5Kti, &(C 
7- K&g£3Uitry r- 3 >S#JiM L 2>M££ 

[0 3 9 5] C©<fc?£581tttS^£i5^?;Mi; 3.- 
5 U >7T7\°$ - " >7T § C <!:T\ fl^UTB 3 

9 ic^r * a & m r a M-tr/i/7 u-r m c a 1 *&mtz 

[0 3 9 6] <F-2. ftm%l%>Z.O)£o\Z, ±®± 
K^ttp n KfcWMT J <t£3£JilBitf 

xw&m&wtt. Sign* h*si«?*«. 

[0 3 9 7] <F-3. ^^J>H5 0tC, SOI (Si 
I icon On Insulator) S*g<7)±®±tC, ^46, png^ 

[0 3 9 8] HSOtefcl^Ttt, ->Uzl>S«5SB±tC 

«tt&&ttf b£ b x # ER*tu a»a*»fk« b x ± 

ICSO I MS I #EBWr*lTV3 0 ?"LT> SO I gS 

[0 3 9 9] B3 1££tfH3 3£ffl^TKWLfc<l:5 
tC, MRAMlCfiMOSFETtfj&gZ^,, ^LT, 
S O I JM±fcMO S F E T*Bm?Ztm£.Uw*18M 
MOSFE T©«ifK»S*ia< LT, 

[ o 4 o o ] &;b\ m±mm Litmmwm e leaser 
wsoi s4g±tctss*ti/-c^^Ls zwzm. 



[04 0 1] ffi^T, *58Wfc£^Ttt» ffiS*NDS« 

[0402] <g. %wmm> 
<*m&mmfe w>*mmmmwm i m 

R A M It. g^©±ffi±KflM*tt7c#ffi£f&7P * 7 

[0403] < G - 1 . g«»S> f - *\ **fll©«ll 

SW«B1«I«©*«*7P y 7 HT^-To 

[0404] H5Hcas^T» t U -feM/7 7 U-T 3 1 © 
JSjB0K£LT* 5U7 7 KUXMV 7T 7 3 1 % ffJxP-? 
3 2. MR*mL/»*3Mi*J»[3K3 3, firT' KUX 

&*»[a]Sg 3 6 6\ ^'J -fc/l/7 7 U-f 3 1 ©jaEBKE 

[0 4 0 5] *©fl!HD«E7 r Pv7£LTs 
*|.St©«*©aa«*ff3AU*/^y7 7' ( I /OA* 

(overshoot) » /Jx&fr-s/ttJ (undershoot) LttWfc 
SiflHillElSTESD (Electric Static Discharg 

e) 0K4 4, mmznz^zmmzmmLtcVs 
zmm-rzumzmtzmm/msii®® (Moduiator/D 

emodulator) 4 3 s 7nM»/l/fl**tt«T**IB*1l* 
5DSP (Digital Signal Processing) 4 2, *=EV 

&\'T\s'(3 1 uiaamor-^iDHSofM' (- 

-f 3 1 P^©x-^©2l§fi©|5l^^§^:a 
77-X ht+yS/a. 5 1 35&Zf-tlj> K++'r>2 5 
2, P< : E';-b;l/7 7 K3 1©T f -^©Aaj73**iJffl|-r5 
AtB73=l>r*P-^ (l/0a>hn-7S3) , 7 s - 
*(D$inmm%'n? CPU (Micro processor) 4 1 «■ 

[0 4 0 6] f£«©¥«fHBfl»1L mtf D RAM, 
S RAMfiJltfE E P ROMfT'tt* /t'JWK 
It MO S F E TfcSfcfcik 2NWMHfi©±iB±te»rt 

7p y 7 <tlH-©¥^»tg©±®«a±^HM**iT 

IXfCo 

[0 4 0 7] CCTs H5 2fE*aW©*«i©»ll7(C 
i5MRAM1 200 ©^^7p y 7 HTfwf . 

[0 4 0 8] H5 2Kfil^ t M R AM-tr;l/7 7 U'TM C 
A (4, MRAM-tr/l/7 7 U'i'MCA©MIS[ilK. fa* 
■5, 5!l7KUX/^y77CAB % ^JxZI-^CD, fU0c 
L/»*i^*W»B» C R W\ 'fiT K UX/ (777 
R A B, ffxZI-^R D j3«fctf?jR3WH L/»*a»« 
S10KR RW©EBHi«©±SK*-/t- J 5y 7LT13 

[0 4 0 9] ftfe JHffl0K©M4. «0AtfH2 6* 



[04 10] <G-2. #ffiM>MR AM-fe/UT'K 
MCAtt, 02 8, H3 1fe«fetfH3 3*ffl^TaWL 

^©»MosFET^t$t; *mvm 

?t LTlip ni^m- K©#£*fc©T?» B/ffig 
«fl«Sffl±iii«B5teliffi£*tl« C t 

[04 1 1] fi£^T, M R AM-t/UT'b'f M C AJ-Xft© 
MM. ■T^fc-SMRAM-t/l/7 7 b'f'MCA(DJgia[HlK^ 
#46, &a«£7n y * tt*S©±Bi«iii±U:fl&S U 
M R A M-t/UT 7 U-f MC A tt*(D±mfcBl&TZ Z.bT* 

mwmmzmmzzzo 

[0412] <g-3. m\m>m5 3iz*mmwm 
aammt ltmrami3oo ommzja y ?®t« 

[0 4 13] H5 3^-r<J:5tz:MRAM1 3 0 0K33 
l^Tti, MRAM-tr;l/7U'TMCAjt>\ ffla08£<fetf 

[04 14] C©«fc3ti\ MRAM-frl/T^'TMCA 
E&lslKfc «fetf#@«IIB^P y * £ «9Jfl©JlltfB 
MRAM-t/^U^MCAaiEgffig^ 

[04 1 5] <H. *Sl©fl3g8> 

R A Mti, MRAMtJl'7K <fc, M R AM-fe^UT'U'f' 
©JSHEKM3«fctf*««ig:7n y * fc*8Uffl©¥*f** 
v 7<h U H*v7*t5>a-rt>£ LT 1 OO/h^- 
^KMLfcMCP (Multi Chip Package) WM^M 

[0 4 16] <J*B>MRAM-fe;U7 7 b-r0JBaiH|8W3 

•fciraa^^p v*©Hffl^«^riBBStt i o o 

0~1 2 0 0lCgfi?*y, MRAM-fe/UT'H' 
08BlB©»*»flSBJBtt+a U-SfiTaS y 4 0 0 
~7 0 0 o aUgT"£3o 

[0 4 17] M**P-©iNW«M£i:lt:»j5B-r*JB 
»j*&Btf 4 0 0~7 0 OXSK'P&SEIIXSKSI'' 
[04 1 8] ^©fctf), MRAM©«BfilStE»^Ttt 

zs#->->->->+iUtEa:y, «spx htfawsiBH 

[0 4 19] -35u B^Tttl 0©/fy$— 5>fc»»© 
¥i»f*^y ^«iKM LfcM C P«WHWlStioo* 

7 7 K<!:> MRAM-b/U^U'TOjaaislft^Jct^m 
f&7n y * t 77tU y ^61= 



a m v&ni£ jjBxasttmatt ommim Ltct\ mm 

KM C PM&OM R AM€»*tcHu SBfoO/ty 5? 
«S?tt M R A M ^ t ^ 3 RKtCS o fc„ 

[0 4 2 0] J-XT, MCP«JfiOMRAM3&*B!-r*fc 
»OHa*lttWLfc±?, imi8|Lfl»MRAM 

2 0 0 oowAKoivrKiiirs. 

[042 1] <H-1. «£*©MCP«JilEO^T>¥ 
QFP (Quad FlatPackage) tfffil^SftTVfctf, US 

atB^/u^i:***ffl«iia-pafec s p (chip 

Size Package) tfffiSk fflfctU&i&ZVSo £©SiS 
75;£ti, QF PfcJf<TttSfrte#J\3-ftjaSiiMT»t? 
©T\ K&HSJ1LS HP PC (Personal Computer) 
fflDRAMWcfflLNSftTL^o 

[0 4 2 2] H5 4tc % 8£*©CSP©*j8©-#&»r 
HM WT. B 5 4 icfei^T* ^Bfa* y 7 1 2 2 tt» 
WB©/ty$— 5M 2 9©rtSJciRtt3-tu ¥#tt*y 
71 2 2©T±Mti/\°y->^— >a>Hl 23lc<fcoT 

[042 3] Ay5"<— >a>Rl 2 3 fetS-fb^ y P > 
BHMMfe* 'J P >i»©IMIM7«l«*tu / \°y S"? 
— >3>«1 2 3 Ktttttt©MQtttfRtf&tu 

2 2©Affi*ig?tS5^y^ffil 3 2i\ 

5 0 

[0 4 2 4] M°y $—5? 1 2 9 liftfi»!>ffi**& 
U *©SP»^5¥W»^yyi 2 2tfSPAJh«. 
CCT\ /\°y^-v-1 2 9©HaVWMin(cttmi 
*g1 3 4lZ&-?Zmt>tlZo §iSll£l 3 4©*# 
(**y-T5 KtBBtff©«»ttT?«Wi*tU ^©WIJfcE 

Lfc^stt^ aa»©3«Rffl*Ba/^^i 2 5j>\fctm 

#e^ffl¥Ba/\>^1 2 7fl«ER*tlT^*o 
[0 4 2 5] ^S*«51 3 4(i, 3tRffl¥Ba/t>^1 2 

se.fctWB-sesiffl^Ba/^^i 2 7^rta5©^^« 
jKn{c«ffir%«R©AasG«i 3 0fc«fctfi 3 i£*r 

[0 4 2 6] PggPIBSil 3 0£«fcff1 3 Hi, fltlfcE 

1 3 4©rt«(cfii^fc±iii±teES**ife*-v y 
7'7-r;l/A1 2 4(cjgR*tiTf«o «tcttwrsj:5 
ic, *+'J7 7 7-r;U^i 2 4tii|&e7'r;UA±tcBBig* 
nfc«mBB-^ (/\°y K£Sfc) <hg»H 3 3t^#L 
Ti^o ««ea£ffl*ffl/^>>ri 2 7^S©«»«# 

(±, rtSPIB^I 3 0feJ:ff+t'J77^1 2 4©/\° 
y RcSNJILT^S^y^tai 3 2*^LT*»»^ 

y^i 2 naming sfc, gin 331*, 

U7 7 7^r/UA1 24t^®ft5 1 y^1 22t^mmt 
*. SU, H5 4fcl*S**iTVftl\b\ ++yy 7 7'T 
1 2 4ttSSSt6 1 3 4 <htSiJ©g#Jilc J; yg« 



[0 4 2 7] Jl®ffi& 1 3 4©fcfiMz:tt#»T» 

j8*nssiR«si 2 6fi«a4&as*iT^*. Sim 

1 2 6®¥iB^tt(*®B«tt*aU 3 0 

fc*££fto7V*o H5 4ttBiRWI1 2 6(DHQffi 

[0 4 2 8] jg^Mi 2 6«, mm^m/ty-fi 2 
5as«fctfrtgraB«i 3 1 ^LT«jB«ffia5*i^(*»* 
«tticH3e*tu rtiMi 30 #*«©«[/ <<x* 

[0 4 2 9] Sfcs *#ftf7^1 2 2*H«S«fcdlC* 
t'J77^1 2 4<D±±BB±fcjiiRWI1 2 6btf 
BR**IT^3- BKWil 2 6bli¥EM2l*#$Sgff? 

*+y7 7 7-r;i/^i 2 4±.v>w.$m 

**^LTrtfflK«1 3 1 ic«a«|(cft«*tu «£* 

ttSSl^tittffllttlclBEStiS. 
[0 4 3 0] SK«ai 2 6b*«3«fc3(Cj6:fc«»ffli 
1 3 5tfBR*ftTl*B. jfcttMM 3 5(4. 

*y7l 2 2iJlE**g1 3 4iO«|(0(5*«affl]-r« 

[043 1] jfcTJSSfffill? 1 3 5 0ffiiS7gtttt*3|;i;S:£flg 
TSStf* ¥«tt*v7l 2 2(0S«St*+y77-f 

2 4£a>n(3ftStu *»T*££fcfc»»»U: 
rstJ-Bs *iftf77i 22©^ 

gP t * + y 77 -f ;UA 1 2 4 £ KSS ftfc«#fc(&73tf 

[0 4 3 2] &7JffiRUKl 3 5 IC14. fl|*.fcfi»RTffltti 
77h7-tfE^Sn«. JftpJffltti^X h^-14, g 

[0 4 3 3] $fc, ¥^#^.y7l 2 2£jaajaHPil1 
3 5tO»»ttl«:tti#+5/«HB»38«ffiffl*ti«, f&RT 
Uttl^X h7-©fl«K3»tttt2. 7 X 1 0-6?£ 

soia&u ->y 3. 1X10-6 

[0 4 3 4] i&m/tytr-VtctiVTs 
trtytr-VMimtZmiLiitZtctblctti. Affiles 

dHSLStf**©-?. StiRVSl 2 6 &jtKB¥B/t> 
71 2 5tfER**iTl/'3. Sfc iHWtfy^l 2 2 

£jse**5 1 3 4 £ <ommf&3#*& < ft y , «mw 

K«0«SttflHfiTr * c ££l*ikr 3fci&fcffi73«» 
M1 3 5tfER*ftT^*. 
[0435] Sfittfi 1 2 6 ©^tgti±izE Lfcil »J 
*Js mmWMI 2 61*1^35^^1 3 1*^LT3fflM¥ 

M>71 2 5tt«*E3£ffl¥ffl/t:'7 , 1 2 7©J1EP&H 



TAffilBSl 3 03fWaPfl!)«»«y-fX«S5Ct*l» 
3&B¥HM>71 2 5£J:aWE2£E¥ffl/tt/7 , 1 2 

7 (4, E«tf 7y > hs-tifc^-y-*- Fiz&mzn 

So 

[0 4 3 6] $fc. ^(CfclvCMCPfcjSfcfcQFPfc 
fc^T©**31*tlTl^Co H5 51CQF P*/Sl^fcM 
C PffiBOKBHIMMr^r. B5 5(E6l^B, n<0 
/\°^7-—7l 0 7rtfc3O©i|mift^y7l 0 2 a, 1 

0 2 bfccfctfl 0 2 cflW*«toSftTER£*U «MS 

1 0 67S±*ftTt^*o 

[0 4 3 7] -0J£LT, ¥iftfy7~10 2a, 10 
2ctfSRAM, ^ft^y7l 0 2bfi«77»y->iiE 
E P R0MTS5 o 

[0 4 3 8] Sij^^vTTBttfcfflEttl 0 9fc«fc-3 

*1 1 24rtLTttSy-K*1 1 3fc<fcyft**l*c 
[0 4 3 9] C©«fc3ft*afr*Ct^ lO©/\°y 
5>lc 1 o©¥£tt*v TXWMrftlvfeOJ: y t>, 
iwi-^®^{c^lt, ^^©^tygs^sz: 

[0 4 4 0] LfrLftfrS. QFPtt^-yTBSgfciK 

TUSBsa*** < ft y . fro, fl-su y - Fiiv < x 

[0441] £©45{<: N CSPfcLTfcQFPfcLT 

*#©«»?y 7 h §t?lttf*Ji©x tf y Efir * c £ 
*R&jh-r*ieaitfs i;s©t\ se«©/ty 9<mm 

[0 4 4 2] <H-2. «BIIWl>WTs H5 6~06 

5 zm^Tnmwm 8 ki&s mram2ooo ©s^ 

[0443] H5 6lCMRAM2 0 0 0©ffrSffl!J$«s 
SfcU 571CMRAM2000 ^TMJfr6M/c¥®^ 
M&RTo ftfc\ S5 6li, H5 7K£(t*A-A«? 
©l/r®^LTl N §= 

[0 4 4 4] H56fca*TJ:5fc s MRAM-tr/UZK 
©iHa@Kfc4l> , #ffl^7P v f^tr¥*^'y 7 
1 2 2li, /t-TP-T (N i80Fe20) &DB3Sm#<D 

So 

[0 4 4 5] mmftSHBCDttntLT. mZtXMRA 
n^©ffelC7-/\°TP'r (M05N i79Fei6) 



WIS) zu u z — z s i y u ^ 



[0 4 4 6] 3SlKttSHB<DrtSi5[C& J»Rl3Btti5 
X h^-T?««*tiSJ6*»Blii2 3 stfERStiTV 
^MfPM2 3 5lififtf-^1 2 2iIlftS 
H B t©(»]*«fDf5i**T5. 

[0 4 4 7] SKttSHB& *©*ftstaaiatto 

^•#gP2 3 7 ^h*sp2 3 7<n-i5mmo-t®m 

3 8t, 9UM2 3 7®flS£«*«3TaHfi2 3 6 
ELTHMfcrtU JS7JHWM2 3 5tt±35«2 3 8JB<fc 
tf*M*ffi2 3 7®rtffiteEIKFftT^<5„ 
[0 4 4 8] Sfc, Tfflfi2 3 6tc«:BPaHflBW-S 

BMi 3otfjcir*«i«iaoT^*o 

[0 4 4 9] /tyfr-SJl 2 9tt£fiaRS©»tt*JB: 
U *©HP»iCS2|i»»^vyi 2 2**LfcWE» 
SHB#}fAlW5o 

[0 4 5 0] 5>1 2 9(iSK#SHB«JRML 

[045 1] vM 2 9®0inflHi**ttlCl*ft 

®s*gi 3 4K«feoTat)n*o mmmmmmi 3 4© 
xfm*Gam*mjwi 2 7tfBR*tiT^*. ft 

fc\ JSSS&1 3 4tt*+Uy , 7Y/Ui*1 2 4-S»T951£ 

2 3 69KJ»S**ife«««JtC«I:y@S*tl*. 

[0 4 5 2] J&SSKI 3 41*. ;iitf§¥fflM>7l 2 
5fcJ:tHf^{5&ffl¥HM>7l 2 7 *ft$l<Dffi®lzn 
J^ettftreMkOAffiBII 3 0fc«fctf1 3 1 

[0 4 5 3] rtSPIBiHl 3 OSJtfl 3 1 tt, ffitltfi 
ES*5 1 3 4©fcfJKfal^c±®±fclER£*lfc*+ V 
7 7 7-r;l/ixl 2 4(cK«*ti*«fca(cE»S-tu rtSPiB 
111 3 Ittt+yT^-r/Uixl 2 4±fcEK*ft7V3 
Kfi«fetWI«E«*^LTjBiRftS H B©T35«2 

3 6tC«ft«(i:i8tt*tlTt^o 

[0 4 5 4] sfc, rtgpiB^ i3ii*. mmm^ I 3 4 
ortffltcaa6astifei^7f«wi**i«jtiR«ai 26 

tcWKWKKttJtiTt^o BiRVSl 2 6©- 
&-f LfcrtSMEttl 3 0J>\fctf 1 3 1 tlH-K® 
rtKSa-r*totf«*ftL^!>?» B95 6|C£l^TIMttl 

[o 4 5 5] ftfe mmm® 1 2 e tt«amffie«^tt 
[0 4 5 6] tfmm-v-fy zzvK&hm-tts.** 

7 7TIS1 3 2li, ++U7 7 7^7l//x1 2 4±(EKttS 



IS** U77^;l/A 1 2 4±lt/\°^-->^tlTL^ 

7*;UA«ffi£<fcim«Ett*ftLTfcgp^i 3 ok 

1S&«¥HA'>71 2 7lc8tt*ftT^*o 

[0 4 5 7] ffi^eS6ffl*Ba/t>^1 2 7ti, ^.gPirt 
»©¥!«** y 7£©««fl#©SS*?T3fca&fl!>*? 
T?*y. «B¥EBM*>71 2 5ttififtSHB(Dlffi 

[04 5 8] Sfc 05 7K5Vf £5K«S¥HM> 

71 2 5itm^temm¥mj^sy\ 2 7 safe* 5 ke 

[0 4 5 9] ftfc\ ffi^{S&E¥EHM>7l 

«b¥ha>7i 2 5tt» jsaa*5i 3 4idiii:b3(S 
#LTfcy. ai5ffl*Ba/^>7i 2 5*rw-*c£?» 

¥BM>7 1 fflSfc y (dfltoeftftttiRTS E fctf? 

[0460] <H-3. *S*S6>3fc(C, H58~R6 
2 Sffl^TM R A M 2 0 0 0 © USSSfcOW&fcOlT 
SiB^r^o B58~H62ttMRAM2OOO0 

*itsa*«i3ttKwr y , h 5 6 izaktmrn 

[ 0 4 6 1 ] 0 5 8 Kfc^T, JSffiStS 1 3 4 ©±H)5lC 

*+y 77-01/^1 2 4tf&«£tiTv t+y^-f/u 
a 1 2 A±iz^7jmmm2 2 3 tfs»*tiT^s. 
[0 4 6 2] it7immm2 2 3 itmmvttt u 

yj^/l/Zxl 2 4lCR^6ftfc7-r;Uix»B2 1 9© 

122 3 [CttJ@^BRK®»2 2 4tfflM£tlT;fcy, it 
2 2 4A(C(*iKiRttSHB4)TgN&2 3 6 (HI 5 6) 
KRSftTL^o J*2 2 4fcfcT»fi2 3 6#E 

R*ftfc*/8ttH6 4 (a) , H64 (b) fc^fo 

[0 4 6 3] Sfc, H^i*PSTS6\ ^©IS?\ 31 
2 2 4tC»oT3SIB*SHBOJM*»2 3 7 (H4 6) 
tfES*tU TBHfi2 3 6Kia«3-ti«o 

[0 4 6 4] ftfc\ (57J«BlM2 2 3<«©BSBtt*3a:L 
Tt^©^ H5 8(C^-rX3&|q]feJ:a f Y3&|RlKfc^T 

H«tciS73*a3D-r* zt&z*zzo 

[0 4 6 5] fft»f*W5*+y7':7-r;w*i 2 4±tC 
BS*hfc7-r;l/ix«ffi2 1 9tt, rtgPiBSHi 3 0*^- 

LT«#esiffl¥Ba/t>^i 2 nztmanzo 
[0 4 6 6] ftfc\ +^y7 7 7-r;u^i 2 4±©7-r;i/ 
ix«^2 1 9fc<fctma5i3i§i 3 o*ag/w-->^ 

[0467] U7*7-fiUA1 2 4tctt % 7-r/UA« 
@2 1 9©ffiin^#)i 1 3 3i«HRttU:ER**iT^ 
5o »»A1 3 31*. ^f*^y7l 2 2*++U7'7 
-r;UAi 2 4 £S»T*fca&fflfc©T»S*. 



wrm zv v z - z 3 i y u # 



[0 4 6 8] Mn, HS9|CitIil«:^T, 
2*flSKU 111 1 3 3lC«fcyi|SWtt*.y7l 2 2£ 

butts. 

[0 4 6 9] 06OJ4, Bg5 9(c^-TKIM)JBiBBfi1 

3 4 SifilE* *fctt«*^ LTfc y , JlSSfc 1 3 4 
tt¥S^¥H/t>7?&8?L2 1 1 tfESSftTVS. 
F^PiEiHl 3 0£<J:tf1 3 1 (05 6#K) J4¥ffl/*> 

M>7ffM7l2 1 1rt*¥BE|/t>7iMl»3£* 
V7<hftgPEiS£l 3 Ofijctf 1 3 1 £tf«fttt£SN8* 
ft* C£ left*,, *ffl/^>^©«to'J(«:3iWt?K 

[0 4 7 0] 06 1 14, ¥fflM>7fl^?L2 1 1 ±£« 
*B36ffl*Ba/tV^1 2 7fc\fctfj&i8ffl¥fflM>:n 2 

5 £|3I£ LftttBCn LT^So 

[04 7 1] *LT, JES7JiHffili2 3 5 (05 6) £p»3 

mcGLtcmmfts h B?¥»**y7i 2 2£gofc 
tj©»iuw*aA-r 3 c <t t% ei 6 2 icsr <fe o \tmm 

71 2 5**Lft««*flSo 
[0 4 7 2] EC?, 06 3, 06 4 (a) £<fctf06 

4 (b) *ffl^T, »«f*SHB**tf8T3TSHfi2 3 

6<k, a*<wpM2 2 3flD3FiBa^=&Bwi-r*o a 

&\ 06 314, H5 6fc£t*3B-Btt?©{SRg©Bri5 
*/8*jSU 06 4 (a) 33<«fl86 4 (b) 14, 06 
3 (CSttS C - CiUJi <fctf D - Dlff?©RrIffl|J8«CT L 

[0 4 7 3] 06 3l^-TJ:5lC, T»S2 3 6W:tt>ft 

mmsi 3 4#jicti, 5iKffl^ffl/^^i 2 5ic«mw 
\mmt^mmwmmmM6 mse) alibis 
*ti*„ as, mmnmi 2 6©*H&tfsi*TaHfi2 3 

6 ©^.j^rat «h i;?ss„ 

[0 4 7 4] J^7JilfPM2 2 3I4SjRttS H B© 

M2 3 5 (05 6#bs) «j£# S H BOAffiWcE 
KStiTl^*©?* ¥W»^y^2 3 1 t^Wf-vf 
2 3 2fcinfc3*S#S©J5&7j£ffi«-r#*o 
[0475] < H - 4 . ftffla*>«±BilW LfcHJS© 
JB«8K«SMRAM2 0 0 0U:«l:*lHf, MRAMt/l/ 
Fl^fc^fciNWttf-v^l 2 2*fl6raBiMpSWr 
5«* S H B TBfc <fc 5 lc Lfc©T\ fl-BPSS^lcj: y 
MRAMHz;U©xe>#KIELT«fl;©£lRk T&fr-B 

[0 4 7 6] J^ffiFDll2 2 3tf»]KttSHB© 

IIPSW5iW!>rt«fiJ:t»MiKS»*tU BfittS H B 
OrtffiHcttJB73«Blit2 3 5tfER*ftT^*0^ M 



R A M 2 0 0 0 £SX y y tttt*K 

y 7 1 2 2 (eJnfcS c t § 0 
[0477] <H-5. «e«1>afc fiLhBMBLfc 
MRAM2000 "CH4, £ST V 7t4 1 O t 
LTtf Ltct\ 06 5 (CST M RAM2100£>cfc-5 
fc, M R AM-fc/l/7 7 U-r©ffla0»»«fctf«IBti67P 
y^#«nfe*iW*^y7l 22a (I=|»*v7) © 
±fc, MRAM-t/UZUY^fe^Jift^'y^l 22b 

[0 4 7 8] tmWTVJl 22a\m^M\Z^^n 

m^rnxs 22a kxmv&-v-f\ 2 2 

b,ti4, M^cnteEKS-nfet+y^^-f^i 24 

g-fc, ¥flM*^y 7 1 2 2 a t^Wtf-y 7 1 2 2 b t 

n&mm 1 3 3 kj: ys»@s**is„ 

[0 4 7 9] &&, ¥SW** v 712 2a 
¥HM>71 2 7£flMtStt4«ttfck H6 5(cjSf¥ 
71 2 2£fl»eS£fll¥ffl/t>7l 2 7<h©& 

«trai;T*y, *+y77-fiUAi 24fi«*+y77 

^;l/A1 24ata-3Tl^*jjSW^ttMRAM2 00 0 

[0 4 8 0] ¥iftf77l22a^ftf7 
71 2 2bitt, ±TK^®lcE^LT i 6»mi\ 
Jg^(cf4s ¥3Sft^v71 2 2b®SBiU:^y^g* 

[048 1] Sfe ^i#f77l2 2ai^iftf7 
^1 22btO»*^to*tt, '>S<tt1*©?y7 
»CMRAM-fe;U7H'tfE88*nTlMltfa<s iia© 

[0 4 8 2] 06 5lC^-TMRAM2 1 0 0T14, MR 

2 2 atMRAM-fe;U7 7 H'^ 
tr^ft^yyi 2 2bt*8J^te«B6U ffl*^to* 

»«aS*«SfbT»**o ^LT, ¥^ft^y7l 2 2 
afc«fctf 1 22b*9J«fc«»T*fci&, HS3jBtf/t 

[048 3] <H-6. ^^J2>05 6^/Tx-TMRA 

M 2 0 0 0714, Sfi^S H B©*mtc, wt&tt&m 

Wc&s *©«toytel r (^y^A) ^2 0-3 0 
atom. IrMn 5©K»8ltttt*JBU»TfcEI«© 

[0 4 8 4] S/c, B66(L3itMRAM2200©J: 
5®gftS H B*. 13 6a tSSmm 

i 3 6bt©^HKT«wiLTt>fiL\ ^©^, mm 
mm 1 3 4 *©5gijwi i 2 6 tiiiiitc3tjitt# 1 2 e 

a,tJg3S^14ft1 2 6b©^lM<frSo £J>\ 
©±TBfiB*±EKH3e*tiftt\ 
[0485] 



ttm zuu^-^j i y u ^ 



micMf. 'J>& < £ & 1 o©5BE h >*/U&£;!)\ v 
[r1^LT4 0-4 5lt©ftjt££?-3cfc5tcSElS*tt 

©5&fb©£iR]£5iiiK£S£T^ m^^mcormmts 

[0 4 8 6] *fg0^lJ:#§i|^2fBiE<D?i^tBltgg 

? s& £ y t>fi < feSct; o izffiMzffim&nz^zo 

cttfwifcft y , -r-sf-T^ztfafcT* 

[0 4 8 7] ^mmimm^sim<Dmmmmm 
K«fcnfcr, 3n£<fcira2©wy«jL#«i;:<i;y % b>> 
na©» 1 fc^tfjg 2 ©asroig 1 &z^m 2 conmiz 

awe bbk h >*7i/S£©awb©#iq]*£fl; 

z!f-bT> r-*<0»*a»^iBSfl«Rri6ta:So 
[0 4 8 8] *^lC^ff^4fBtl6(D^MIB1t^S 

tcfetitf. »ife«fet«iS2©«iy*ji#ft*iB-wra! 

©Jf|1~Jg4©M0S K5>s;X4tT«l«-rSOT» H 
[0489] 5 IBKOttftlSttga 

iz&nn, « 1 y sa^a^Ma©***©* i 

Scfc^2©M0S K5>5>Z*-«I*U &20WJ 
»A#S*, »«fflOSa:**3*J:tHIS4OM0Sh 
5>5>X*?*/8T*©T?, »1*«K«2fl>M0S h 
7>5>X*©— 3k £«fctf»3fe«feUW4(0MOSh7 
>5*Z* ©-#©IMWISfc, *>«St^TWW 

[0 4 9 0] *«W(<:^ffi«]S6G«OttftlBfl^B 

icfctiff* »ifcj:r«i20Mos h^vv^csfn 

©±«Sik «3fiJ:tfS4fl)MOS h7>5tt*0g 

-\<D£.wamtCs nm-ywRtti^»5. fr6©Mo 

fl2©M0S h7>5?X*©-£©»1 0>±M £<fc 
Oil 3 ££0-114 ©MO S h5:>5?**«D— *«>JS1 © 

iSHf S 'J -*«HH£X LTx jHMt2j*ffi*?* 

So 

[0491] *«W(c^n^»S7lBtt(Dtt«(gBfl^|l 

Micfc^T, aao^ t y b/UT 7 u>n«:»**s©* -r 



3„ ?©jgak Mt8«cjBHr«sBMi*a< l 

[0 4 9 2] *«W(c^n^]g88BK(Dtt^Efl^K 

(c«fetitf» aa©**y t/UT'u-f y-b;u 

tywu^Ki*7- K«i, asoyty-t 
;uzu-r(cstsfflRo>«-r>7-F*t, *»©**•; 
*/U7'U*8fc»3*S©?n-/t;U7-Ktt£*fll^ 
l^l-OB«tcil»tcjfeK*nsy€y-fe;K0 

[0 4 9 3] *»W(Cffi%m^9IBtt(0ttS[Gfl^ll 

tcfetitf, «»©**y*;u7 , i^*rr«««iB«s 
■leasts *!&©* =e y hzvut 7 u-r fc-£3*i§&©* -r 

*;u©ffltttf «'i>*-*©?» fWMtfffia* ft 
So eottJRt ftffi8ft(cjBH-r3ieill$M£S< L 
Tx K3S7*-bX*Slsrr3C 
[0 4 9 4] ^f^K^M^ 1 0lBS6©^MIB1tg 

wcj:ft& ais©^ : Eyb;i/7U'r«-#-rs^ ; Ey-b 
yi/T'u-re^aatixsjKSiBisis^fe^T. m-© 

■fe^Kfcatsaao/otfyhttt, «»©** 

©<@&»>T5©T\ fiSS«flHB«*tl*„ ^©ig 

[0 4 9 5] *8qiJ(cff*ffi&g l 1 13tg©^MfB1tg 
V7 hatttt#JI©aKb©8€«^iRi?£ 

[0 4 9 6] *^l^Sfi5R^1 2fBi6©!lMfB1tg 

[0 4 9 7] *»W(C^ffi«3@1 3IBi6©ilMIB1tg 
MfCcfetit*; / >ft<<!: i felo©^ ; Eyb;U7 7 U-f©, M 
«©tfy h«fi«feffaa©7- K3SSl©^ffl0tC, 7rr> 
atfy hSfeJ:tf77'r>27-Fi^ iltiSlc 

mjeifiriRi©wt*aw c 1 7\ '>ft < 1 1 1 o©^m 
>*;we^*wr «ws©^ t y -b/u©^-**-®* 

S»SL^ttHf»#a*T*S©^ «WBT©«Bltf 



■Ffm j.ukj a- a i i y u ^ 



[0 4 9 8] xmrnrnztatm 1 mmcommimm 

<fc*Ui\ H£&©* * y -b/l/T 7 H'tfy' h U 
KEl£imfc?&ftfB1lg«Ki>^-2\ 7^y~>:Llfy h- 
WHS^Zfy^'yi/j.^- KSSIfes ^©^y-t^T'U 

[0 4 9 9] *989J(c:ffi3lli&g1 5lBig<D5gftl31jtg 

<tt»i*Katfts«at*, Lc«s(z:«feoT«s-r* 

[0 5 0 0] *89J(c:ffi3flf&g1 6iEtg©58ftfEHi£ 
[050 1] *#^tc^»:d<3ii1 7lEtg<DiSftlB1il£ 

[0502] *muc%zmmi swrnammm 
wiz£m$. @»T«i8*n«3iiRftrtu:^a<t%.i 

5gft I- >*7US£*£fc*BM)* =E y •fe/UEfel/T* 

U 7 s -*fim*»il5n*Ct€li6jI:T**o 
[0 5 0 3] *«W(C«K«H^1 9!3t8<7)5gftlStIg 
«K«fctltf % 'J«B:< 1 0(D¥^ft^y 1 

[0 5 0 4] *RHl;:ff3lli&g2 OfetS©83ftt31Ig 
MK^tUi; «ftE«*v7*^ **'J-feM/7'H'<0Ja 

[0 5 0 5] *#SW(<:ffi3lll$52 1 IBig©5Sftf31ig 
Wc<fctl(& Sfiffcfc V7 h!Mtt&fM&ntt&\ * 

[0 5 0 6] *#&Btc:ft3ei!$E2 2!Bt6©BSmiB1fg 

[0 5 0 7] *9M£tt3llttR2 3 tEtgOBSftfeiltg 

[0508] *mmmzmmm 4mm<Dma*mm 



fc<fctilf % ±IH£«fcBR*ftfc» '>£<<!: 1 1 o©83 
ft h>*/Hte«BJOT LTV 

*a < <tfc i o^B^ft t- yzivmsz^Tz* 
u zozmticzmmzBtiTzm 

[0 5 0 9] *»Wft:ffi3lll£]l2 5fE«©BS14#S;|£ 

^fcttftiBttesas&Ka Lfcatttftwgfi«fi s*i 

So 

[0 5 10] *%9Jl::tt3ll!$E2 6iStg©831£f*«« 
tCfctltf. £B3ft h >*;W&&©TS(C P n ft^-C* 
- K** Lfc* * y */U«ffi£fcttftBB11£11©S[£tc 

[0511] *Rl£(<:«3!ll&g2 7!BtgcDllttftS*g 
fc<fc*llf » M 0 S F E T©S£8«*ffiMT?*S S 0 I 

ss±toft < t fe 1 oossft h yz-jmsmmzn 

«CtlCftSOT. MOSFETffl»fBSJB*a<L 

[HI] MR A MHr;HD««*wr««H-p**. 
[02] -ttttftMRAM-b;U7U-ffl!X|fta*wTH 

[El 3] HttWftMRAM-t;U7'U'ro»ff!&lttWr 

[H4] x£>z&mtt%Mz&g%mft®®mis: 

[H5] *^tt^5^1lga)^10MRAM-tr;l/7 

[06] ^^C^HSgWJf^lOJMRAM-t/l/T 7 
K©Klff*RIS-r*HT»*o 
[H7] *^t^5HSS©^1©MRAM-t;l/7' 

[U8] *^^5HSg©H^1©MRAM-t;l/7' 

[09] HR«ftMRAM-fe;l/©Bff*BWr*H? 

[010] -tt«ftMRAM"fe;U©Biffi*KiH-raH 

[011] *9B«lc«H«lO)%i kdmra M-b;U 

[012] *^tE#§HJg©mgl 1 ©M R A M-fe/b 
[013] *^tC^*Jg©Jf^ 1 ©M R AM-tr;U 
[014] *^l^5HSS(DJf^1©MRAM-b;l/ 

©»#^^-r^0T 5 s^o 
[015] x ¥y*&m^%(0[z^rzW,ftv>M% 



[[HI 6] HR«aMRAM-fe;l/©»ff*KWr*H 

[HI 7] -MttS:MRAM"b;K!!)|j|ff€KWr*H 

[018] *^KM*lft>fl»10MRAM-fejU 

[B2 0] *fgBJ3U:ft5iiSg©^gl©MRAM-fe/l/ 

[021] *9SWf<:ft3$ffi©?Bflg 1 ©M RAM-b/l/ 
OBlf^*IMWrSHT?*So 

[02 2] *^c^SH«S0^10MRAM-fe;U 

[02 3] *#PJ^3IIS£©fl*{g1©MRAM-fe/l/ 

[02 4] *^c«5HSS0)^1OMRAM-lr;l/ 

[02 5] *^lC«SHS(5©^1©MRAM-t;l/ 

[02 6] *HW0*«I0^2{J:^SM RAMOS 

dMeST^py 

[027] JttfeOTBffi 2|t§5MRAM(5i 

[02 8] *^©HSfSOfl5»2lc^SMRAM©II!l 

[029] »a h >*/l/S^*flas©&ttl WEttS 

[030] 2 sbm h >*;bJ^O*j8*jj*r H?* 

So 

[031] «ffl(D«rai 2 fctt* M R A M ©* 

[03 2] *^©HSg©^2lC^MRAM0)Ij!l 

[033] *H0^©Hii©^ 2 (CffiS MRAM©« 

[03 4] *%qg(Dl|»(3!)^jB3(C^MRAM<07 
- K«*»*J Lfc«j8aVr 7p v * H?*So 

[03 5] *8H©^©Jgffi3[<:tt3MRAM©'7 

[03 6] *8W®$S&®J£flg3Kti&MRAMa) , 7 

[037] *&B0£tt0)JBII 3 M R A MO tf 
v HMftHM LfcTO^f 7p v * 0T-SS o 

[03 8] *8l!IJ0^©fl£gg3Kffi3MRAM®£ 

[039] *smommm 4 i^ws m r a m <m 

[04 0] *fg^©IIJS©fl2i4U:ft5MRAM©K) 



[041] *^^©SJfi©fl5ffi 4 M R A M©U 

[04 2] *9ffl0gHfe0JgM4Kf|l«MRAM0!>tt 

[04 3] *^©HS£©Jf$Hg4lC^§MRAM©^ 

[H4 4] *&H©$tt©&flB4(i&3MRAM©£ 

[045] *RH©%ffi©SftlB 4 tC#3 M R AMOS 

[046] *8IH©$ffi<D&flB 4 tC^3 M R AMOS 

[047] *RI£©5gffi©flgflg 5 MRAMOI 
^/Tv-r¥S07S§o 

[04 8] *»n®3Ufe^lS5 IcffiSM R AM<91 

[049] *mmn$moim e Kffe¥*fl4NK4> 

[050] ^smamsffam & 

[051] -jttttftMRAMoMrts^r^py^ia 

[052] *ff KOHttO^ffi 7 im% M R A M 0*g 
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